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TAG Instruments are guarding a 
thousand production fronts . . . in synthetic rubber, 
chemicals, explosives, catalytic cracking, aeroplane test- 
ing, ordnance and food fields. And additional thousands 
of TAG Instruments are entrusted with special duties 
across the Seven Seas. Check the list at the left for the 
TAG Instrument to help you score your production Vic- 
tory in 1944, 
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THE KOLLSMAN VERTICAL SPEED INDICATOR is so sensitive that a pressure differential of 


ut one millimeter of water causes the instrument to register 100 feet on the dial. This is comparable to 


e difference in pressure between the inside and outside of a soap bubble. Friction is reduced almost to 
€ vanishing point by ingenuity of design and precision manufacture. But despite its delicacy, the instru- 
lent is compact, light in weight, rugged, dependable . . . characteristic of all Kollsman aircraft instruments. 


a KOLLSMAN AIRCRAFT INSTRUMENTS 


PRODUCT OF 


SQUARE -[) COMPANY 


ELMHURST, NEW YORK GLENDALE, CALIFORNIA 
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TRIMOUNT 


MANOMETERS* 
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For Extremely Accurate Low Pressure Readings 
.. . and for Calibrating Other Instruments 


The Trimount Micro-Manometer is exceedingly simple in 
operation. Static pressure is balanced by hydro-static head. The 
balance arrangement consists of a pointer immersed in a small 
well, This is then magnified, and two reflected images of the 
pointer can be seen in a mirror. Increasing pressures cause 
the images to move closer together, while decreasing pressures 
widen the gap. Consequently, when the large well is raised 
on the micrometer screw, balance can be restored. The dis- 
tances the well has been raised can be read on the main scale 
and vernier. Ranges are zero to 6 inches of water reading in 
thousandths of an inch, or zero to 150 mm. of water reading 
in hundredths of a millimeter. 


This is one of a complete range of Trimount manometers to 
meet any requirement. Write for descriptive data and prices. 


i: 
UT 


* Manufactured under Askania patents. 
| 
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Trimount Instrument Company 
523 S. Plymouth Court 
Chicago 5, Ill. 
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|OME-FRONT HERO 
John Stwauger 4 


ENGINEER SOLDIER | 
INSTRUMENTICIAN 







a If} magazines displayed Old Glory on the covers of 
S r July 1942 issues and most of them (including 
Instruments) did so in 1943. This year the theme sug- 
g d by the Treasury Department is a $100 Series E 






W yond—alone or superposed on a suitable background. 






Our cover subject for July 
Does not inelude the picture of a bond. 
| have already made a choice; rather, I had no choice: 


ile 


The picture chose itself before my faithful eye 






As if by higher Will than that of mortal man 
A day or two after we laid to final rest 






With sound of Taps and rifle volleys three 

Beside his forebears in the town where he was born 
The weary body of the home-front hero 

Whose life shall be my theme this month. 







Of all the moments in his laudable career 





The one the camera caught two years ago 






Exemplifies his panoply of skill, of leadership, 





Of steadfast love of native land. 
N ar-bond picture need be superposed 
On this the pieture thus ordained for Instruments; 







lded feature could enhance 


ma 






Its inspiration. 





FACTS ABOUT COVER PICTURE.—Time: May 1942. 
Westinghouse plant, Occasion: visit by AAF’s first 
Capt. Hewitt T. Wheless (second from left) accom- 
ed by Lt. Col. C. W. Kerwood (right), received by 
stinghouse Vice-pres, A. C. Streamer (left) and 
ed by Pittsburgh Ordnance District’s Industrial Div. 
ef, Lt. Col. John S. Swauger (second from right), who 
been General Inspector at Westinghouse before going 
ictive duty in the Army on Jan. 1, 1940. Incident 
‘ght by camera; Lt. Col. Swauger recognizes and shows 
ight with J. S. SWAUGER stamped on base. 








es- 










gage 


Significance: Swauger had designed and built. this gage 










(and others) twenty-five years before, when he made spe- 
cial tools and instruments for Westinghouse during World 
War I. Today this 27-year-old gage is as good as new. 






‘rom obituaries: “... born July 9, 1894, West Newton, 
Pa., son of James Pepple Swauger and Margaret (Frey) 
Swauger ...” 


Some thirty miles south-east of roaring clanking Pitts- 












burgh, the little town of West Newton has nestled in a 
scenic river valley for a hundred years of blessed peace: 
diver: fied farms, small factories, schools, churches, lodges, 
literary clubs... . To his dying day John remained simple, 
dire Some said he was naive; I say he was straight- 
thinking and plain-speaking. To understand his simple kind 





of patriotism you must understand that he always lived 
sh in recent years he did not reside) in this grass- 
Toots town of united Americans. 
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From company records.—In 1912, on graduating 


West Newton High School, he went to work in a nearby 
plant of U.S. Radiator Corp. as “tool and pattern maker 
and mechanical draftsman.” In 1916, “toolmaker” for the 
old Westinghouse Machine Co. (which was merged into 
W.E.&M.Co. in 1917). 1919-20 “tool designer,” ‘20-24 
“machine designer,” '24-26 “demonstrator,” ’26-28 “Super 
visor of Demonstrators,” '28-33 ‘General Inspector 


Transferred 1934 to Westinghouse Micarta Works as “D 


vision Staff Supervisor.” Jan. 1, 1940: on leave to Armed 
Forces. 
When John went to work at 17 he began taking ICS 


courses and kept on for many years. At 18 he married his 
boyhood sweetheart Katherine Weaver. They reared thre 
sons (all in the Infantry today) and one daughter (in war 
work today) but John studied his ICS lessons while rocking 
his children to sleep, until he mastered calculus and ad 
vanced engineering subjects. 





. Senior Member - 


From obituaries: “ 


of Tool Engineers, Member in Society of Me 


Ameri 


cal Engineers, Member Army Ordnance Association, | 
orary Member Harvard-Yale-Princeton Club of Pittsbu 
Past-President Rotary Club of Turtle Creek, Pa. 


Years of teaching developed Swauger’s ability as a public 
speaker. In recent years, however, it was not his technique, 
but his heart and soul, that made him be in demand as 
toastmaster and principal speaker. Scorning ghost-writers, 
he spent midnight hours in painstaking preparation, He 
stirred his visible audiences deeply; and even radio audi- 
ences listened to the end. One of his Army-Navy “E” pres 
entations has been recorded by Station KDKA and, if any 
of you chance to hear it the tears will come to your eyes, 
for you will sense that a patriot is working himself to a 
premature death. 


From Army records. Entered Ordnance Reserve Au 
’29 as 1st Lt.; April ’34 com. Capt. Aug. °40 cor Majo 
Feb. ’42 com. Lt.-Col. Active service: several 2-week sum- 
mer training courses bet. 1929 and 1939; continuous fro1 
Jan. 1 °40 to day ith May 25, '44. Assignment 
Pittsburgh Ordnance District Office: Chief Metal Cor 
nents Sec., charge of gage procurement plans Jul 
apptd Ass’t Exec. Officer, Chief Industrial Di D 
Exxec. Officer Pittsburgh District. Several sick lk es 2 
’43 and ’44. Died of a heart attack May 25 


The real beginnings of Swauger’s military career are not 
in published records, for he was a civilian agent of Army 
Intelligence during World War I. 

Shortly after I came to Pittsburgh and served on various 
officers’ training and examining boards, I saw how he stood 
out among the other junior officers: most of them were 
graduates of colleges and engineering schools, most of them 
were superior types of men, but none outshone him as an 
engineer or as a leader of men, none equailed him in 
patriotic devotion and understanding. 

Astronomical instruments had made us friends some years 
before, when each discovered that the other had in boyhood 
designed and built a telescope and equatorial mounting. The 
Army gage procurement program had also strengthened our 
ties: John’s vision went beyond mine in making Pittsburgh 
rival New England in the finest precision work. We also had 
a common interest in instrumentation for automatic inspec- 
tion, a field in which his personality and his knowledge of 
shop men accomplished far more than did all my missionary 
work among the engineer-type men. When the war is won, 
the Army will no doubt reveal in full the many ways in 
which John Swauger helped win it through Instrumentation. 
—MFB 


July 1944—Instruments—Page 389 











Fig. 1. Complete manometer, micrometer screw and dial, pump and pump control box assembled. 


An Automatically-controlled Calibrating Standard 
for Low Pressures (to 3” water column) 


By DON BURNS, Research and Development Engineer, The Hays Corporation, Michigan City, Indiana 


URING the development and sub- 

sequent manufacture of a sensi- 

tive air flow meter, which meas- 
ures flows of gases at 0.5” water 
column maximum differential, it was 
found necessary to supplant the previ- 
ously-used methods of calibration with 
an “automatic” standard which would 
create and maintain calibrating pres- 
sures up to 3” of water. 

Accuracies on the calibrating stand- 
ard of +0.0005” water were desired. 
This required a sensitivity of the order 
of 0.00005” or better, since some error 
must be contemplated in the other me- 
chanical parts of the instruments. 

A single setting, preferably on a 
micrometer screw and attached dial, 
was essential in order to make the cali- 
brated scale long enough to minimize 
human error in the setting or reading 
of the pressure. 


sug 


Steals... Nieto. Seite 
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A “primary” type of measuring in- 
strument, wherein only a distance and 
the density of a standard liquid are 
involved in the pressure measurement, 
was indicated, which in turn called for 
a water manometer having the “legs” 
sufficiently large in area to prevent sur- 
face tension and adhesion from appre- 
ciably influencing the readings. Tubes 
four inches in diameter met this re- 
quirement. 

Since a single reading on a U-tube 
manometer was to be used and the 
micrometer screw was to have a stand- 
ard thread, the two legs must be of 
exactly the same area in order to make 
the increase in level on one side equal 
the decrease in level in the other side. 
This requirement made glass tubing 
excessively expensive and practically 
prohibited its use. 

A major problem was to make the 


Fig. 2. Pump control, cover removed 
showing electronic relays, ‘‘slow 
speed’’ control rheostat and separat- 
ing chambers. 


Fig. 3. Manometer disassembled, 
showing micrometer screw, zero 
screw, honed tube and float with 
guide funnel. 


Se 


micrometer screw measure th: 
the water accurately. Since 1 
ing was to be used, visual 
measurement were rejected, pa 
since the allowable error was 
and since the automatic maint: 
pressure was desired. 
Electrical contact between 1 
and a point mounted on the mi 
screw was unsatisfactory be 
could only be serviceable wher 


ter is rising and approaching | 


point: when the general level 
ping, surface tension keeps t 


level up to the now-wetted contact poin 


—several thousandths of an inc! 
than the general level—before 
tact is finally released, and 
droplet of water may be held 


point to make an erroneous read 


next and succeeding times th: 
approaches the point. 

Another means considered wa 
a plate whose plane is norma 
axis of the micrometer screw a! 
lel to the water surface; and t 
ure the capacitance through 
means. This arrangement may 
if one is careful not to “dunk” t! 


ig the 
vater 


to use 


to the 


; 
1 parai- 


meas- 


1 
table 











n droplets of water may be 
late to vitiate the reading. 
itable in a research labora- 

possibility of interrupted 
ided its adoption for our 
ch is related to war pro- 


as here 
Jeft on | 
It may ! 
tory but 
work Pp! 
purposs 
duction 
A shi 


yy) 










rise in current or voltage 
tremely small movement of 
as needed if a relay was 
eliably within the specified 
efore, a spun copper float, 
with a rounded contact inside at water 
level, floating on the water in the meas- 

‘ng side of the manometer, together 





Wi 
the levé 
to operat 


limits. 4 
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The screw is made of steel and has a 
penetrated finish to prevent rust. The 
nut is self-adjusting by spring tension 
and is made of brass to minimize screw 
wear. Both the screw and the nut were 
cut on a precision lathe and test showed 
that they compared favorably with a 
precision micrometer. The micrometer 
screw was drilled and tapped for a zero 
screw to eliminate the necessity of sub- 
tracting a zero reading. 

The tubes or “legs” of the manometer 
were honed in tandem on a cylinder 
honing machine. Although quite diffi- 
cult to measure, they were found to be 


time delay relay which resets when the 
pump reverses. 

The amplitude of the pump-reversal 
pulsations, as indicated on the gage 
being calibrated, is inversely propor- 
tional to the gage capacity or the quan- 
tity of air required to fill its measur- 
ing element per unit deflection. Thus, 
when calibrating a small-bore mano- 
meter, the pulsations are very notice- 
able unless the pump runs slowly. Con- 
versely, when calibrating a gage having 
a large diaphragm as a measuring ele- 
ment, the pump pulsations, even at 
fairly high pump speeds, are hardly 
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la 
CONTHWOL 
the level of . 
e€ metal tub- 
al means of 
“i ~ pis: with a flat contact whose plane was 
“sechandloa a normal to the axis of the screw to form 
““ °" Hi the contact parts, suited the need very 
well. An insulated guide funnel, into 
n the water MM which the flat contact on the microm- 
= ometer Meter screw fits loosely, provided a 
ecause lt Mi minimum-friction guide for both the 
hen the wa- Mi contact junction and the float. 
ing the dry This arrangement allows a minimum 
vel is drop. of level change to make or break the 
s the local Mi contact. The contacts do not chatter 
ontact point Mi because the water has enough inertia 
inch higher HM to make and break the contacts cleanly 
ore the con- Hi when operated with the pump. 
nd then @ Since distilled water was to be used 
eld on the Mand it was desirable to prevent the 
reading the MM contacts from burning or pitting, the 
the water I current passed by the contacts was lim- 
ited. Therefore, an electronic relay was 
was +o use Mf used in conjunction with an electro- 
mal to the magnetic relay to obtain suitable out- 
‘and paral: @ put to operate other devices. For safety 
d to meas MJ reasons the voltage across the contacts, 
th suitable when open, was likewise made low. The 
ay ve used M current on the contacts is about 0.5 






* the plate, microamp. and the voltage, when the 
contacts are open, about 25 volts. Al- 
though the current could have been 
further reduced, it was found imprac- 
tical and unnecessary to build the in- 
strument with the high insulation re- 
sistance that would have been required 
tomake it operate reliably on such low 
power levels. 

The micrometer screw was made 20 
threals to the inch in order to obtain 
100 “one-thousandth” inch marks per 
turn. The dial is about 4.75” in diame- 
ter, making the length of scale about 
150” per inch of pressure. The dial may 
be se: and read to 0.0002” quite easily. 






















Fig. 4. Schematic diagram of Standard Manometer and Constant-pressure Control. 


within 0.0002” in diameter at all points 
and their cylindricality is likewise 
“true.” 

The unit was so designed that it can 
be disassembled for cleaning and check- 
ing. It is also made with the idea in 
mind that some day a set of glass tubes 
may be obtained and substituted for 
the metal, primarily to enhance the ap- 
pearance and satisfy a desire to see it 
work. 

The pump used is a small reversible 
gear pump, oil-sealed, having a capac- 
ity of about seven cubic inches per 
minute. Its driving motor is variable- 
speed over a range of about 8 to 1. 

Since extreme sensitivity is required, 
any differential or dead zone would not 
only make a troublesome adjustment 
but would detract from the sensitivity. 
Therefore, the pump control circuit is 
so designed that when the contact in 
the manometer is made, the pump runs 
to decrease the pressure at the mano- 
meter and, when the contact is opened, 
the pump reverses to increase the pres- 
sure. Thus the pump “hunts” or re- 
verses continually and, in that sense, 
there is no dead zone. 

At full speed, the reversing pulsa- 
tions of the motor-driven pump are felt 
by the instrument under calibration, 
but at slow speed these pulsations are 
minimized until they are no longer 
noticeable. Therefore, a second circuit 
was incorporated into the pump control 
unit which would make the pump run 
slowly when the setting point is reached 
and speed up between calibration points, 
thereby saving calibration time. This 
second circuit involves an electronic 
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noticeable. Their amplitude should never 
exceed the sensitivity of the gage being 
calibrated and should be appreciably 
less in most cases, 

A piece of transparent plastic covers 
the pump gears and extends through 
the pump and control case. By watch- 
ing the distance the gears travel or 
“creep,” it is possible for the operator 
to tell whether the system, including 
the device being calibrated, has a leak 
or not. 

The pilot light at the lower left of 
the pump and control panel indicates 
whether the contact within the instru- 
ment is open or closed. 

The knob at the top of the pump and 
control panel is used for governing the 
“slow speed” and is only effective when 
the pump is reversing and holding the 
set pressure. As mentioned above, be- 
tween set pressures the pump runs at 
full speed. 

Although this particular unit was 
built for three inches suction or pres- 
sure, others have now been built for 
higher and lower values, the micrometer 
screw and lengths of tubes being the 
major change. 

Further development will probably in- 
clude a motor-driven micrometer screw 
and dial for taking automatic readings 
and a differential pressure measuring 
instrument so that measurements may 
be made under static pressures. 

The development has been interest- 
ing not only from the accuracy, sensi- 
tivity, and sensitiveness standpoints but 
from the fact that electronic means 
made the instrument possible and solved 
many of its problems. 
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Frictional Phenomena in the Economy 
of Our Industrial Life 


A Refresher for Instrument Men 


By S. R. WILLIAMS, Professor of Physics, Amherst College, Amherst, Mass. 


The April issue of Instruments carried a discussion of 
the structure of bodies throughout the universe. In this and 
several future issues there will appear the descriptions of 
a number of physical phenomena in which the way things 
are put together and are held together has an important 
bearing on these phenomena themselves. 

Take the phenomenon of friction, for instance: if one 
surface slides over another surface, a resistance to sliding, 
called the “force of friction” will be found no matter how 
smooth we may polish the surfaces. This arises from the 


| 


Fig. 1. A wooden block B pulled along another wooden surface 
offers resistance to sliding called the force of friction. It is 
measured by the spring dynamometer D 


fact that, as we have discovered, matter is made up of 
small] particles with a certain amount of free space between 
them and when a surface composed of these particles is 
polished there remain valleys between the hills composed 
of these small particles. When two such surfaces slide over 
each other, the hills on one project into the valleys of the 
other and thus the hills catch on one another. 

An excellent illustration of what is meant is to try to 
slide one surface of sandpaper over that of another. There 
is a decided resistance to sliding and, furthermore, the 
finer the sand the less will be the force of friction. We now 
begin to understand the phenomenon of friction because 
we understand how matter is put together. 

Closely allied to this sliding of one surface over another 
is the cementing of two glass surfaces together after they 
have been highly polished and made as near plane surfaces 
asi possible. When this has been done the atoms in the two 
surfaces may be brought so close together that the intera- 
tomic forces may act to produce resistance to sliding. Two 
glass surfaces may thus be brought together and after 
proper manipulation they unite as one piece of glass; no 
further motion can be produced. 

To make the phenomenon still more understandable we 
must in some way begin to measure the forces of friction 
which exist between all bodies when they move over each 
other by a process of sliding. Thus, in our automobile 
engine bearings we have a steel shaft revolving in a bearing 
surface of Babbitt metal. Evidently here is a case where 
friction is not desirable; we should like to know if steel 
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sliding on Babbitt metal shows a smaller or lar; 
than does the steel shaft rotating in a bearing of 
bronze or, say, of an aluminum alloy. 

In Fig. 1 is shown a wooden block, B, pulled } 
along another wooden surface—an ordinary board 
dynamometer, D, is attached to the block by a « 
the block is drawn forward with a uniform speed | 
mometer is stretched a definite amount which \ 
“force of friction.” At the same time the force o 
pulls the block against the surface of the board: 


friction 
Sphor- 


Fig. 2. The wooden block B slides down the inclined wooden 
board without acceleration, When this occurs, wu =tan 6. 


normal to the surface of the board is the weight of the 
block—which can in turn be measured by the spring dyna- 
mometer. 


It has been agreed by engineers that the ratio 


The Force of Friction | 





The Force Normal to the Surface of Sliding Vi 
shall be called the coefficient of friction. It gives us a meas- 
ure whereby we can determine whether one sliding surface 
is better than another for decreasing the effect of friction. 
Thus in Fig. 1 we have one surface of wood sliding over 
another surface of wood. If the force of friction P 100 
grams, and the force normal to the surface (the weight in 
this case, because the surface is horizontal) is V 
grams, then “== 0.33+-. 


Suppose now that instead of the wooden board v 
a long strip of polished steel, say 6 feet long and 4 
wide, then by dragging first a block of Babbitt met 
then a block of phosphor-bronze over the same stee! 
we shall be in a position to determine which of th« 
blocks will make the better bearing in which a stee! 
is to rotate. This coefficient of friction of dry meta! 
metal can be further reduced by lubrication with 
oils. Metal-on-metal friction can be increased by \ 

The coefficient of friction as determined by the s! 
in Fig. 1 will be the coefficient of friction for w 
wood. As shown in the figure, the two surfaces mov’ past 
each other with the fibers of wood in both surfaces p«ralle! 


















The coefficient would be quite different if 
ere cross-wise one to the other. Thus for oak 
‘ut lubricant the coefficient of friction is about 
.e fibers are parallel in the two surfaces and 
hen the fibers are at right angles. The reason 

that the grain of the wood is made up of alter- 
of soft spring growth and hard summer growth. 
hard layers are at right angles to each other, 

t sink into each other’s valleys as they do when 

d so the force of friction is less. 
perhaps our emphasis has been on the baneful 

















lar friction effects of friction. It also works to our advantage in many 
= Of phosphor.Mll industrial processes. Without friction the belts by which 

our machinery is driven would be useless. The coefficient of 
d hovizontallyl@ friction of leather on steel when dry is about 0.56. If the 
ard. A spring jeather is oily this will sink to around 0.15. Without friction 
@ cord and gsi we would not be able to use brakes on wagons, railway ve- 
eed the dyngfll™ picles and automobiles. The coefficient of friction for auto 
h we call thelllf prake bands runs around 0.4. Without friction we would not 
‘ce of gravity start to walk. Friction works in our favor in many cases, 
ird: ' but often it is against us. We need in some cases to increase 





















it and in others to reduce it. 

An important problem in our industrial machinery is— 
How may we reduce the frictional forces in the bearings? 
Could we reduce friction to zero, the age of perpetual mo- 









Fig. 3. This shows the 
components of the force 
mg as acts on the 


block B in Fig. 2. 
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tion would have_arrived, but we would still not be able 
to produce useful work; a machine without friction would 
just continue to run once it was set in motion. 

Another method for measuring the coefficient of friction 
is shown in Fig. 2. The same block and board as in Fig. 1 
are used, only in this case the board is inclined to an angle 
where the block will just slide without any acceleration. 
Recalling the definition of « that it is the ratio of the force 
parallel to the sliding surfaces and that normal to it, we 
can derive the following relations. In Fig. 3 the force of 
gravity acts vertically downwards on the block. This force 
is equal to mg and can be resolved into components parallel 
and normal to the sliding surfaces. The component parallel 
to the surfaces is mg sin 6 where @ is the angle of inclina- 
tion which the plane makes with the horizontal. The com- 
ponent normal to the surface is mg cos @. Substituting 
these in the equation: 









mg cos 6 

We see that if the only force acting upon the block is grav- 
ity and that if it slides down the inclined way without ac- 
celeration, the coefficient of friction between the two sur- 
faces may be found by the simple expedient of finding the 
angle ¢ where the block slides without acceleration. If h is 
the height of the upper end of the inclined plane and 1 is the 
length of the base, then » = tan 6 = h/lI. 

_If the angle @ is made just a trifle sma!ler and the block 
does not slide, then @ becomes the angle of repose. The 
angle of repose may also be illustrated by pouring sand 
out of a funnel and letting the sand run into piles. If the 
same size of sand is used in making any number of piles 
they will all have the same angle at the top of the conical 
pile formed. if different sizes of sand are used, the angles 



















Fig. 4. Loose pilings of sand using two different sizes of grain, 


at the top of the piles will vary. Fig. 4 shows two piles 
formed by sand screened so that the grains in the pile to 
the left will pass a No. 20 screen but not a No. 24 and in 
the pile to the right will pass No. 12 screen but not a No. 
14. It would appear from the photograph and also by meas- 
urement with a protractor that the angle for the coarse 
sand is smaller than for the fine. The author recalls sitting 
in his office at Barnard College and looking across the Hud- 
son River to where the Edison Electric Co. had piled up 
two huge piles of coal. The angles at the top of the two 
conical piles were the same as measured by a goniometer. 
Angles of repose are important in engineering. For exam- 
ple this angle of repose for loosely-piled earth has to be 
taken into consideration when designing railroad embank- 
ments. 

The method illustrated by Fig. 2 may be modified by in- 
creasing @ to such an extent that the block will slide down 
the inclined plane with a decided acceleration. In the method 
shown in Fig. 2 the force parallel to the surface was mg 
sin @ wherein 8 was so adjusted that mg sin @ was just 
equal but opposite to the frictional force. In the third 
method, illustrated in Fig. 5, the value of mg sin 8 is made 
large enough to give the block an acceleration down the 
plane, i.e., mg sin @ is greater than the force of friction. 

Let the force of friction be represented by Fr; then F's 
= nzW=—£8#M9 cos @. 

The resultant force down the inclined plane will then be 





R= F—F;:=™mg (sin 0 — # cos 4) 
and the acceleration a = R/m 
mg (sin 6 — 4 cos @) 
ol a>- --- 
m 
= g (sin 6 — »# cos 6) 
sin 6 a 
whence £= —— — ——— 
cos 6 g cos @ 
a 
= tan 6 — ——-— 
g cos 6 


The advantage of this method over the angle of repose 
method is, that irregularities in the surface conditions of 
the plane are not so noticeable. If the angle @ is set so that 



















Fig. 5. Laboratory equipment for measuring the coefficient of 
friction. Here the block B slides with an acceleration a 
uw — tan @ — a/ (g cos g) 
the block slides with no acceleration, it is set at a critical 
angle and slightest variation in u« either stops the block 
altogether or else it accelerates. 

The apparatus as arranged for laboratory testing is 
shown in Fig. 5. A wooden strip S, 2” < 6” 6 feet long, 
is hinged at its lower end to the base B. On this 2” < 6” 
strip is laid a strip of steel 42” x 4” 6 feet long. The 

(Continued on page 432) 
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ELECTRON TUBES—Their Principles anc 
Their Instrumentation Applications 


By ANDREW W. KRAMER, Managing Editor, Power Plant Engineering, Chicago, III. 


XXI. COLD-CATHODE TUBES 

So far in this study of electron tubes, little has been 
said about the simplest types of tubes—those known 
generally as the cold-cathode tubes. Brief reference was 
made to them in Article II as a matter of historical in- 
terest but they deserve further consideration, not only 
because they were the first electron tubes but because they 
have important applications in their modern forms. 

As has already been explained, many years ago it was 
found that when two terminals were sealed into the ends 
of a glass tube and the tube exhausted of air, an electric 
current could be made to pass across the empty space 
inside by the application of sufficient voltage to the ter- 
minals. The voltage required was high but the fact that 
the smallest current could pass was astonishing and, at 
first, quite unexplainable. At that time there was no elec- 
tron theory to account for the passage of electricity across 
empty space. The space was really not empty, there was 
rarefied air inside, but this did not particularly clarify 
the situation. 

These were the first vacuum tubes, so-called, but not 
really vacuum tubes because even though they were ex- 
hausted there were countless millions of residual molecules 
of air still inside. If the potential applied to these tubes 
was high enough, a luminous discharge would fill the tube, 
often producing beautiful and weird effects. In view of 
present-day knowledge the nature of this luminous dis- 
charge is no mystery and we see a more practical applica- 
tion of the principle in the hundred million brilliant and 
colorful luminous tube signs throughout the civilized world 
—or rather before the civilized world was darkened by the 
blackout and the dimout. 

Today we know that the luminosity is due to the effect 
of intense ionization of the gas molecules and atoms inside 
the tube—to the recombination of positive and negative 
ions and to excited atoms returning to normal states;* 
but at the time these discharges were first observed, the 
phenomenon was strange and mysterious. And why not? 
Here, for the first time, electricity was being observed apart 
from matter and there was no knowledge existing at that 
time to explain it. Sir William Crookes, after whom these 
first tubes were named, referred to the phenomenon as the 
“fourth state of matter.” 

At the present time we know a great deal more about 
what happens in these tubes, because we have a much 
better understanding about the fundamental structure of 
matter, of the composition of atoms and of atomic nuclei. 
We know that the atom is a complex system which can 
be broken up by certain forces and that such action occurs 
in these “vacuum” tubes. Of course, when we sav we know 
about the phenomena, we mean that the scientists and to 
some extent those interested in engineering and physics 
know about them. Ask the average ten people you meet on 





*By an excited atom is meant an atom which has had one or 
more of its external electrons displaced into orbits of higher 
energy level. Such a state can exist only for a very brief instant 
since under such conditions the atomic system is unstable and 
tends to return to normal. In returning to normal, the extra 
energy which was required to bring the atom to its excited state 
is given up as electromagnetic radiation, in this particular case 
as visible light. 

In the electron tube, the energy necessary to bring an atom into 
an excited state is of course derived from the kinetic energy of 
the high-speed electrons traveling’ toward the anode. When such 
an electron collides with a normal atom, one of two things can 
happen: if the impact is sufficiently great, some of the external 
electrons may be removed and the atom ionized, or, if the impact 
is insufficient to cause ionization, it may merely cause the dis- 
placement of one or more of the external electrons from one orbit 
into others, resulting in what is known as an excited state. In 
reverting to normal from this excited state, the atom radiates 
energy in the form of light. 
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the street how a neon sign or a fluorescent | rial 


why they give light, and all ten of them will : 
remotest idea of what you are talking about. Bi 

as to the chances of the opposition party gettir Ly 
or who will win the World’s Series, and they wil! de 
on these topics with conviction. Despite the current f 
of the advertising men to glamorize “electronics” the 
age person today knows as little of electron t 
did before these devices existed—which is a 
commentary on our system and theories of ed 
well as on our native curiosity. 


Fig. 136. Diagram of a typical discharge in a Crooke: 
showing a striated positive column. 
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Fig. 137. The relation between the voltage distribution an 
various luminous and dark portions of the discharge in a 
cathode tube. 


In view of our knowledge of thermionics, the act 
the cold-cathode tube is interesting because in co! 
its operation the first question that arises is in r« 
the origin of the primary electrons which bring abo. 
ionization of the gas. In the thermionic tube, the « 
are emitted as a consequence of the thermal agitati: 
molecular structure of the cathode—but in the cold 
tube there is no such thermal effect; both electr: 
identical; the current flows in either direction, dé 
upon the polarity of the terminals. 

A clue to the action is provided by a study 
luminous discharge when a study potential is ap 
the tube. Under such conditions the luminosity of 
charge throughout the length of the tube is not 1 
Close to the cathode there is a dark space, quite 
but distinct and known as the Crookes or Hittorf da 
in honor of two of the early workers in the field 
discharges. Next, in the direction of the anode, is 
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‘tion followed by another dark space, called 
dark space, and finally another luminous por- 
as the positive column, which extends across 
_ The positive column occupies the major por- 
tube length. Often the surface of the anode is 
. luminous layer called the anode glow. 

ive lengths of these various dark and light 
-y according to the degree of exhaustion of the 
ertain gas pressures, the positive column is 
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t | ube. ge 
ln roken uy) by dark bands or striations. 
Bu ‘A stud) of the voltage drop across the tube with respect 
tine in powerlllo the vacious light and dark portions of the discharge as 
a declain ndicated in Fig. 137 provides an explanation of the mechan- 
urrent frengyllmsm of electron emission from cold cathodes. If the voltage 
ics” the avenfmistribution along the length of the tube is plotted under- 
n tubes ag helmmeath a ‘iagram or section showing the light and dark 
& rather gadii/ortions of the discharge as in Fig. 137, it is apparent that 
education afimmearly all of the voltage drop across the tube is concen- 
rated across the first narrow Crookes or cathode dark 
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space adjacent to the cathode. phe 
Since the voltage gradient at this point is very high it 
might be thought that electrons could be pulled out of the 
rface f the cathode by the sheer force of the electro- 
atic attraction but a simple calcultaion of the forces in- 
iolved show that this could not be possible. Another 
xplanation must be resorted to if we are to explain the 
mission of electrons in a cold-cathode tube. 

As a matter of fact the explanation is not simple—not 
arly so simple as that of thermionic emission. To account 
Mor a discharge of electricity through such a tube it is 
necessary to assume that there is a certain amount of 
‘nization in the gas before the application of voltage. 
Vithout the assumption of such initial ionization there is 








mo way to account for the initiation of the discharge. 
Fortunately, it is relatively simple to account for such 
bnitial ionization; indeed it would be much more difficult 


0 prove absence of such ionization, especially since the 
levelopment of our knowledge of cosmic rays. Owing to 
the ionizing influence of cosmic radiation from outer space 


to emanations from radioactive material in the earth’s 
rust, there always is a small amount of ionization in any 
bas, no matter how effectively we try to isolate the gas. 


’ 


The gamma rays of radium are capable of penetrating 
several inches of solid lead, and cosmic ray research has 
hown radiation of this character to be capable of passing 
hrough six feet of lead. Since such rays—x-rays, gamma 
ays and cosmic rays—are capable of ionizing atoms, it is 
vident that unless the most elaborate precautions were 
aken it would be extremely difficult to provide a tube of 
arefied gas in which there were no ions. There will always 
ea few ions in any quantity of gas, however minute. 
Assuming a certain number of positive and negative ions 
0 be present in any gas, let us see what happens in a tube 
of rarefied air when voltage is applied to the terminals. 
Under the action of the electrostatic field, the positive ions 
vill be driven toward the cathode while the negative ions, 
that is the electrons, will move toward the anode. The 
positive ions, being enormously more massive than the 
electrons, will accelerate less rapidly than the electrons but 
yy virtue of their much greater mass their kinetic energy 
is correspondingly greater. The consequence of this high 
inetic energy of the positive ions is that they bombard 
he cathode surface with such force as to knock electrons 
ut of the surface of the metal. Upon leaving the surface 
f the metal these electrons find themselves in a region of 
high positive space charge due to the presence of large 
numbers of positive ions near the cathode and, by virtue 
f this charge, are accelerated in the direction of the anode. 
The high concentration of positive ions close to the cathode 
: responsible for the high potential gradient in the cathode 
dark space, 
There will thus be a stream of electrons through the dark 


Space, some of which have started from the cathode and 
acquired energy from the high potential gradient adjacent 
to the cathode; and others which have originated in the 
dark space itself which do not have so much energy. These 
electrons constitute a stream of energy passing out into 


the adjacent region, a stream of energy sufficient to ionize 
a large number of molecules without any help from the 
outside. The local field (created by the potential applied 
to the tube) does not need to supply energy to ionize the 
gas but merely to give a drift to ions made without its 
assistance. For this, an extremely weak field will suffice and, 
in the negative glow, which is the result of the ionization, 
the field is so feeble that often there is not a difference of 
potential of even one volt from one end to the other. 

In effecting ionization in the negative glow, the electrons 
lose energy continually and, since the potential gradient 
in this region is so low, they slow up to such an extent that 
they are no longer able to ionize the gas. This results in 
the next dark space—the Faraday dark space. 

There is, however, sufficient residual field in this region 
to again accelerate the electrons toward the anode, not so 
rapidly as in the cathode dark space but still enough so 
that after traveling a short distance they again attain 
sufficient energy to ionize the gas. Thus, the luminous posi- 
tive column is accounted for. 

As ionization begins again, a concentration of ions again 














occurs, resulting in the establishment of another space 
charge. This causes the potential gradient to rise, often 
to a point considerably above the ionization potential. What 
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Fig. 138. The voltage distribution in a cold-cathode tube when 
the positive column is striated. 


happens from here on depends upon the particular tube 
conditions, such as gas pressure, voltage, and design of the 
tube. If the energy of the electrons is high enough they 
will be able to ionize gas with little or no further assistance 
from the local field and there will be a region analogous 
to the negative glow where the electric force is extremely 
small. The energy of the eelctrons will be exhausted after 
passing through a certain distance toward the anode and 
again there will be a region corresponding to the Faraday 
dark space in which the electric field increases until an- 
other negative glow forms. Thus, the cycle begins again. 
Under these conditions the discharge will consist of a regu- 
lar alternation of light and dark regions such as is exhibited 
in the striated positive column. A condition of this kind is 
depicted in Fig. 138. 

Under certain conditions of gas pressure and potential, a 
different action is possible. If, instead of producing a large 
concentration of ions in certain regions giving rise to a 
variable voltage gradient, the degree of ionization is such 
as to result in just enough new ions to supply the loss of 
old ones due to recombination or attachment to molecules 
or diffusion to the sides of the tube, a steady discharge is 
possible and the result will be a uniform positive column. 
This is the type shown in Fig. 137. 

The conditions under which one or the other type of 
discharge occurs are complex and they need not be con- 
sidered in detail, since the phenomenon is referred to here 
only as a matter of passing interest, but they are subject 
to logical explanation in the manner briefly described. 

The thing we are concerned with here is not so much 
the mechanism involved in producing the luminous and dark 
regions of the discharge, but the way electrons are emitted 
from the surface of the cold-cathode. This, is we have 


pointed out, is undoubtedly due to the bombardment of the 
cathode by the positive ions. That there is such a bom- 
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bardment can be shown by experiments with a perforated 
cathode. If a small hole is drilled in a disk-shaped cathode 
in a gaseous discharge tube, a stream of these positive 
ions can be detected passing through the opening at the 
back of the cathode. This stream can be bent by electric 
or magnetic fields and information obtained regarding their 
charge, their velocity and their mass. 

So much for the Crookes tube. In its original form as 
described here, it has no practical application but it was 
the forerunner of all the different tubes existing today and 
the principles underlying its operation are those which 
govern the action of all cold-cathode tubes today. 

As was pointed out, such a tube having simply two plain 
electrodes conducts current in either direction. By proper- 
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Fig. 139. The elements of a cold-cathode rectifier tube. 


ly designing the electrodes, however, shaping them and 
spacing them, it is possible to give the tube unilateral con- 
ducting properties. Such a tube is shown in Fig. 139. As 
shown, this tube has two dissimilar electrodes, one, A, in 
the form of a hollow cylinder having a hole C opposite the 
middle of the other electrode, B, which is a flat disk. The 
distance between the disk and the end of the cylinder is 
less than the mean free path of the electron, therefore, an 
electron moving across this space only cannot bring about 
ionization because it collides with no gas molecules. An 
electron starting from the middle of B, however, may shoot 
right into the hollow cylinder, A, and in the distance 
available such an electron will produce ionization. In 
traveling from B to the outer edge of the hole C, it must, 
however, gain sufficient velocity to produce ionization since 
it gains no more velocity after it enters the hollow cylinder. 
All parts of the cylinder, naturally, are at the same poten- 
tial, hence, there is no potential gradient to accelerate an 
electron inside the electrode A. This is the reason no 
electrons leave the inside of A to go to B. 

With these characteristics, it is evident that when an 
alternating potential is applied to one tube it will conduct 
current when A is positive but not when it is negative and 
B is positive. This tube, therefore, is a rectifier. 

The rectifying action, however, is not perfect because 
of the varying nature of the electronic collision. Suppose 
the mean free path of the electron to be one millimeter, 
that is to say, the average electron travels 1 mm. before 
colliding with an atom. There will, however, be some elec- 
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Fig. 140. The current-voltage characteristics of a cold-cathode 


rectifier. 
trons which collide with atoms after traveling only 0.5 mm. 
or even much less, and, of course, these will produce some 
ionization; even in the inverse direction. Therefore, such 
tubes carry some current. 

The voltage-current characteristics. of a cold-cathode 
rectifier tube of this kind are shown in Fig. 140. It begins 
to conduct current at around 130 volts and as the voltage 
is increased the current rises rapidly. In the reverse direc- 
tion, however, the current begins to flow at 180 volts and 
increases gradually but uniformly as the voltage is raised. 
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As can be seen, the current in this direction is | 
as large as in the permeable direction, in faci 
volts it is negligible for all practical purposes. 
For any purpose, however, the current-carryi 
of such tubes is relatively low and their use fo 
purposes has been superseded largely by tu 
thermionic type. They are used for certain cont? 
however, and in this field their action is simila 
tion of the hot-cathode triode or thyratron. 
The principles involved in the use of cold-cat 
for control purposes are easily understood fro) 
In this diagram the two sides of the circuit a 
and interchangeable. With all the resistance 
side of the circuit, an extremely weak current fi 
side but no major discharge can take place beca 
high resistance. If either of the resistances is n 
enough so that a major discharge can take plac: 
positive electrode in series with that resistance 
anode and the other electrode will be the grid. 
having two identical variable resistors as show 














Fig. 142. The ballast 
Fig. 141 may be that of 
as shown here. 


Fig. 141. Showing the principle 
of grid control in the cold-cathode 
tube. 


141, the ballast resistance may be of a coil of a 
shown in Fig. 142. The resistance of such a relay 
of the order of 500 ohms but the grid resistanc 
much higher. 

For the purpose of explaining the action, let 
sumed that the tube is designed to discharge 
voltage across the cathode to anode is 200 volts. 
the anode voltage to be adjusted to a value of 1! 
without the grid connected. If the grid resistance is 
value that it will permit enough current to flow to 
the voltage by 0.2 volts the total voltage across 


will be increased to 200 volts and the tube will dischar 


In other words, the only function of the grid is to add 
small increment of voltage which is needed to cau 


tube to “break down” when the voltage is adjust 
point just below breakdown value. 

In the practical application of these tubes, th: 
resistor may be a device of the electronic type 
tube for example. With such an arrangement, light 
upon the cathode of the phototube changes its 
high resistance to a lower value, causing the cold 
tube to discharge and actuate an electromagnetic 1 
this way, a relatively large amount of power can 
in check until released by the action of a light ray 
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Fig. 143. Showing the use of a 
negative bias on the control grid. 

Another way of operating these tubes is to pro 
grid with a negative bias by means of a bias bat 
shown in Fig. 143. In this case the discharge ca! 
only when the negative bias is decreased. 
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grid potential has been suitably altered to 


= t! ibe to break down and conduct current, the grid 
; powel to control the anode current further; it may 
‘ madi -hly negative but unless this negative potential 
. made aordinarily large no effect is produced on the 
node current. The grid can start the current but it cannot 
- it. only way to stop the anode current is to reduce 


notential to such an extent that the are dis- 
not be sustained and the discharge “goes out.” 
le voltage remains off for only a few micro- 
. state of ionization in the gas disappears and 
ain regains control. The anode current will not 
, unless the grid bias voltage is again lowered 
to allow the arc to restrike. 
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\CTICAL FORMS OF COLD-CATHODE TUBES 


ie foregoing description of the characteristics and 
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From t 
yeration of cold-cathode tubes, it will be evident that these 
ubes act very much like hot-cathode grid-controlled gas- 
led tubes. The principal difference is in the current carry- 
ng capacity: the cold-cathode tubes are capable of carrying 
nly comparatively small currents. In these tubes there is 
1) proportionality between the anode current and the anode 
‘ltage: the tube either conducts to the limit of its ability 


r it conducts not at all. The tube is, therefore, a relay, 
ith characteristics similar to those of an electromagnatic 
belay. 

These cold-eathode “grid-glow” tubes belong to what is 
nown generally as the “trigger” relay class. In some forms 
they are used to control relatively large amounts of power 
rom extremely small actuating forces. The output of the 
prid-glow tube can of course be delivered to the grid circuit 
{ thermionic amplifiers so that any amount of power can 
be controlled by an almost infinitesimally small actuating 
impulse. One of the first “stunt” applications of this prin- 
ciple was used a number of years ago when a steel mill 
executive sitting in his office in New York started the op- 
eration of a new rolling mill in Pennsylvania by waving 
his hand over a metal ball on his desk. The capacity effect 
of his hand on the ball was sufficient to alter the charge on 
the grid of a grid-glow tube, and thus, it-initiated an im- 
pulse which passed through a series of amplifiers and re- 
lays and finally closed the starting contactors of the electric 
motors driving the steel mill. 

An important and valuable application of the cold-cathode 
type of tube is to limit the voltage of a circuit below a cer- 
tain maximum value—to keep dangerous high voltage 
surges from causing injury to electrical apparatus con- 
nected to the line. Such a tube, like any other of the cold- 
cathode gaseous tubes, takes a reasonably high voltage to 
break down, and when once broken down it carries high 
currents at reasonably low voltages. 

The Type 874 neon-filled or (in an earlier model) argon- 
filled tube, used in many of the earlier radio sets to limit 
the voltage on the amplifier tubes, is a tube of this kind. 
In this tube a cylindrical electrode serves as the cathode 
and an axially placed stiff wire is the anode. The break- 
down voltage of this tube is 125 volts when the wire elec- 
trode is positive and the voltage then drops to its safe 
operating value of 90 volts. With these characteristics the 
tube functions well as a simple voltage regulator. 
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Fig. 144. A simple voltage regulator circuit using a glow tube. 


A simple cireuit is shown in Fig. 144. Resistance R is 


high enough to limit the tube current to the “normal” range 
when the load current is zero. Load current increases the 
voltage drop across the resistance and since the source of 
supply is constant the voltage across the tube is reduced. 


A small reduction of the voltage in the “normal” current 
range, however, results in a comparatively large decrease 
e current, which increases the IR drop. Small varia- 
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tions of the load current therefore cause compensating vari- 
ations of tube current, the voltage across the tube remain- 
ing essentially constant. Thus, the tube acts as a voltage 
regulator. A tube designed for this purpose should have a 
large cathode area in order to give a large range of “nor- 
mal” current. It is for this reason that the 874 has a cylin- 
drical cathode which is large compared to the wire anode. 

Larger tubes of this kind but having symmetrical elec- 
trodes are used for operation on a-c. lines. The continuous 
current rating of such a tube may be only a quarter of an 
ampere but for a period of the order of one second it may 
carry as much as 200 amperes. Thus, with such a tube con- 
nected in a circuit, a high energy surge appearing on the 
line will discharge through the tube without damaging ap- 
paratus connected to the line. In this capacity glow tubes 
have been used to dissipate the energy released by the 
epening of a circuit containing a large inductance such as 
the field coil of a generator. 

Since the voltage across a tube of the 874 type tends to 
remain constant, it offers a method of providing a number 
of constant voltages from a single source. By connecting 
a number of these tubes in series or by the use of a tube 
called the “Stabilvolt” which has a number of additional 
electrodes between the anode and the cathode as shown in 
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Fig. 145. A glow tube with several electrodes used as a voltage 


divider. 


Fig. 145, a number of constant voltages can be obtained 
from a single source. 

Cold-cathode tubes can also be used as light sources. 
Perhaps the most notable example of the use of gaseous 
tubes for this purpose is in-the “neon” sign lamp which 
forms so conspicuous a part of cur city life.* The neon 
lamp is somewhat outside of the scope of this discussion 
but it is a true electron tube. The light is due to the ioni- 
zation and recombination of the ionized atoms of gas in 
the tube brought about by the high potential across the 
tube. The color of the light is entirely a function of the 
cemposition of the gas; it is related to the energies with 
which the electrons of various gas atoms are held in their 
orbits. Although we generally refer to the gaseous tube 
sign lamp as a “neon” light, actually various other gases 
are also used in such lamps. Helium and argon are used to 
a considerable extent. If the tube is filled with neon, the 
glow is orange-red. If helium is used, the glow is yellow. 
A blue glow is produced by mixing mercury with argon 
and neon. Various other distinctive colors are obtained by 
using colored glass tubing. Thus, a mercury-argon mixture 
in a yellow glass tube gives'a green light. 

The mechanism of this discharge in these lamps is that 
discussed in the preceding article. The tubes contain an 
inert gas at a few millimeters pressure between cold ca- 
thodes. In these tubes the cathode glow is an insignificant 
part of the light-emitting region of the discharge and most 
of the luminosity comes from the long positive column. 
While such tubes require only a moderate voltage to main- 
tain the glow, a high voltage is needed to initiate the dis- 
charge. Because of this, neon tube signs are supplied from 
special “luminous tube” type transformers, provided with 
magnetic shunts so as to give poor regulation. Such trans- 
formers provide high voltage on open circuit or at light 
load but deliver a low voltage after the discharge occurs. 
Normally these tubes require from 100 to 200 volts per foot 
of length, depending upon the dimensions of the glass tub- 
ing used. A typical transformer delivers 10,000 volts on 
open circuit and 30 milliamperes on short circuit. 

The neon lamp used in display signs discussed in the 


(Continued on page 424) 
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c., 1935. 


July 1944—Instruments—Page 397 








ANCHES 


Fig. 45. Components of a series-type gaging system. 


ELECTRIC GAGING METHODS 


for Strain, Movement, Pressure and Vibration 


By HOWARD C. ROBERTS, University of Illinois 


IV. GAGING METHODS BASED ON VARIATIONS 
OF INDUCTANCE 


(Continued) 
§5. ELECTRIC CIRCUITS 


The electric circuits used in combination with variable- 
inductance gaging elements comprise these three general 
classes: 

Simple series circuits; 
Series-opposition circuits; and 
Bridge-type circuits. 

Any of the three may include electronic amplification. 

An understanding of the operation of gages employing 
magnetic principles requires consideration of the magnetic 
as well as of the electric circuits. In certain installations 
in which movement is measured it is desirable to make the 
moving part itself part of the magnetic circuit. Magnetic 
methods for detecting discontinuities or flaws, or measur- 
ing plate thickness, necessarily employ magnetic circuits 
which include the portion of the material being examined. 
Consideration of these factors therefore will be included 
in the discussion of circuits. 

One of the outstanding features of the inductance-type 
gage is its ability to provide sufficient current to actuate 
an indicating or recording instrument without added ampli- 
fication, even under dynamic conditions. This facility makes 
for less costly and less complicated equipment, fewer operat- 
ing difficulties and lower maintenance costs. In this article, 
only the basic types of electric and magnetic circuits will 
be described; where amplification is required for some pur- 
pose this will be stated, but detailed descriptions of ampli- 
fiers will be included in a later article. 

Three components only are required for the simplest 
series-type gaging circuit: (1) a source of power, (2) a 
variable-impedance gaging element, and (3) an instrument 
with which to measure the current flowing through the 
gaging element. The components of such a system are 
shown in Fig. 45. They are part of an installation for 
remote indication of water level at several points along a 
channel. The laminated tapered armature is ‘attached 
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through a cord-and-pulley arrangement to a float, s 


changes in the water level change the position of t 
ture within the coil. (Compare to Fig. 34 C.) Th 
through the circuit is indicated by the a-c. am 
switching device’ is available so that the indicatin; 


ment may be connected at will to any one of severa 


ups. The exciting current is 60-cycle from the lin« 
systems have been used for measuring such small 
ments as those of the tiny hydrometer float (iron-w: 
used in measuring the specific gravity of small sa’ 


liquid,73 or the strains in a torsion-type dynamomet 


for measuring horse-power.74 These devices are b: 
brated by experiment. 


These series circuits have several limitations, of 


the most serious are these: (1) change in exciting 


causes change in output; and (2) the current through 


indicating instrument is the total current flowing, 


the magnitude being measured is indicated in terms 


change in deflection. Since the change in current 
only 20% to 30% of the total current, only a part 
scale of the indicating instrument is actually us 


possible error in observation is increased thereby. | 


installations, the currents flowing may be as ¢g 
several amperes, so that it is not permissible to 


the effect of ohmic resistance. The magnetic fields t! 


quite strong, and relatively large magnetic force 
There may also be saturation of the core of the 


element at some point in its range of operation, and 


such circumstances the relation previously given 


scribing the variation of impedance cannot be used 


no longer knows just what the inductance is at a! 


It therefore is necessary in such systems to mainta 


frequency and wave-form of the exciting current c 
Because of its simplicity, low cost, and freedo1 
operating difficulties, the series-type circuit is widé 


(73 


A. R. Richards. 


pages 595-596. 
(74) Anon. The Moullin Torsion Meter. Engineering (1 
Vol. 117, 1924, pages 764-765. 


An Electromagnetic Densitometer 
trial and Engineering Chemistry, Analytical Edition, Vol. | 
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| applications. Installations like that described 
een used to indicate water levels in city reser- 
well as liquid levels in tanks and channels. In 
se installations, indicating instruments having 
scales have been used; the portion of the scale 
in terms of length) is thus made large, and the 
thereby increased. The ammeter in Fig. 45 has 
ich is expanded in its upper part. 
mplest” series circuit, just described, is only one 
hich has attained wide industrial use. Instru- 
loying mutual-inductance elements in series-type 
» also widely used. Recording and contro] devices 
essentially the circuit drawn in Fig. 46, with 
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the forms of gaging elements shown there, have had wide 
application for indicating and recording liquid level or 
fow,76 77 or movement.78 Especially in this country, the 
mercury-cup primary element has been employed in many 
commercial] instruments; most of them are inferential 
devices for measuring liquid pressures and flow. In both 
types of primary elements shown in Fig. 46, the impedance 
of the element is changed by changing the mutual induc- 
tance between the core and the copper or mercury “second- 
ary winding” of the element. The use of a ratio-type meter 
(a crossed-coil ratiometer or a differential galvanometer) 
is illustrated in this drawing likewise; such an instrument 
can compensate for changes in exciting voltage. Or a watt- 
hour meter can be used, to provide an integrated output.76 

Other series circuits, depending not upon the admittance 
of a single winding but upon the coupling between two 
windings, are used in measurement of plate thickness, 79.89 
thickness of insulating coatings on magnetic or conducting 
sheets,89 81 and as electrical micrometers to measure the 
change in position of the iron armature of a variable air- 
gap element.79,89 Instruments are also available for meas- 
uring displacements through the movement of an iron 
armature coupling the two coils of a transformer, as in 
Fig. 47; these are used for telemetering float positions and 








Movaste Core 


A-C 


Fig. 47 


the like.77 The change in coupling may be produced by the 
change in magnetic properties of an armature, instead of 
its position; one instrument (the Carbanalyzer) can meas- 
ure the carbon content of a heat of steel in the time re- 


5) H. N. Jenks. Electrically Operated Gages for Filters. En- 


gineering News-Record, Vol. 95, 1925, pages 346-348. 

(76) H. Olken, Electrical Telemetering, Instruments, Vol. 5, 
1932, pages 66-74. 

(77) R. J. S. Pigott. A Decade of Progress in Industrial Fluid 
“ rg ng and Automatic Control. Instruments, Vol. 11, 1938, pages 

(78) G. F. Tagg. Remote Indication and Control Devices. 


of Scientific Instruments (London), Vol. 10, 1938, pages 


(79) A, Albrecht. Elektrische Laengenmesser. Helios, Vol. 38, 
32, pages 209-210. 
(8 J. D. Campbell. Special Electrical Applications in the Steel 


Industry. Iron and Steel Engineer, Vol. 19, Feb. 1942, pages 78-89. 
($1) W. H. Tait. An Instrument for Measuring the Thickness 
of Coatings on Metal. Journal of Scientific Instruments (London), 
Vol 1937, pages 341-343. 
(8 Anon. A New Instrument for the Magnetic Determination 
of Carbon in a Steel Bath. The Laboratory (Fisher Scientific Com- 
pany), Vol. 11, 1939, pages 34-36. 


(Recently announced devices for much the same sort of 
measurement employ permeability of the metal’ and its 
core-loss characteristics84 as criteria.) Devices are in use 
for measuring movement (as the movement or expansion 
of a steam turbine during its warm-up period§5) which 
employ two separate coils each with its own core, so in- 
stalled as to cause the movement being measured to change 
the position of the cores transversely. Even the mutual- 
inductance unit of Fig. 41 E operates in a series circuit; 
in it (as in some others) some portions of the circuit are 
magnetic and some electric, but all are in series. 

Devices are available in which the two windings are not 
separate but are auto-transformer windings. Commercial 
units of this type are used for indicating and recording 
beater roll position in paper mills§® and for many other 
uses as well.87 

The electric circuits used in these devices are alike in 
principle. Fig. 47 is typical. Excitation is usually provided 
by power-line current at 60 cycles, and may if necessary be 
regulated by a constant-voltage device. The circuit is 
basically a simple series connection; the indicating instru- 
ment may be an a-c. instrument, or a d-c. instrument with 
rectifier. The exciting voltages are often quite low (less 
than one volt) and the output is of the order of millivoits. 
For greater convenience and accuracy, the instruments 
often have either suppressed-zero scales or scales which 
are expanded over their upper ranges. Protection for the 
indicating instrument is afforded by the circuit of Fig. 47; 
in this circuit the absence of a specimen causes the output 
voltage to become low (it is smallest when the two wind- 
ings are on opposite legs of a U-shaped core). In circuits 
of the type of Fig. 46, if the specimen or the armature 
is inadvertently removed, the current may rise to a value 
high enough to endanger the indicating instrument. 


§6. SERIES-OPPOSITION CIRCUITS. 


Series-opposition (bucking-type) circuits are those in 
which the current carried by the variable-impedance gaging 
element is balanced by an opposing current in such a 
manner as to make their difference proportional to the 
change in the gage current. This eliminates the large steady 
component from the indicating instrument, and if properly 
applied can also afford compensation for other sources of 
error. 

Series-opposition circuits may be set up with variable- 
impedance gaging elements like those used in the series 
circuits just described, by providing from some other source 
a bucking current having the necessary characteristics. 
Or an inductance-ratio element may be employed in a 
series-opposition circuit, in which the ovtput of one portion 
of the pick-up is balanced against the other. Mutual-induc- 
tance gaging elements are often used in the same manner. 

The combination, or comparison, of the two currents 
involved may be made by any of several practical methods. 
Since alternating current is used to excite the gage ele- 
ments, it is possible to employ some types of mutual-induc- 
tance gaging elements in such a manner as to perform 
this combination within the element itself. Or, alternatively, 
the combination may be accomplished by an external circuit, 
or in an indicating or recording instrument of suitable 
design. 

In Fig. 37B was shown the schematic circuit of a mutual- 
inductance pick-up embodying the series-opposition prin- 
ciple; it was described as being suitable for the measure- 
ment of small movements. The two outer coils are con- 
nected together mechanically, and so connected electrically 
that their magnetic fields oppose in the space between 


(83) [General Electric Company.] Magnetic Comparator. 
struments, Vol. 17, 1944, page 240. 

(84) W. A. Knoop, Jr. Rapid Non-destructive Material Testing 
with the Cathode-ray Oscillograph. Instruments, Vol. 16, 1943, 
pages 14-15. 

(85) H. Steen-Johnsen. Supervising Instruments for the 165,000- 
kw. Turbine at the Richmond Station. Transactions American 
Society of Mechanical Engineers, Vol. 58, 1936, pages 621-626. 


In- 


(86) [Thwing Instrument Company.] Thickness Recorder. [n- 
struments, Vol. 7, 1934, page 97.’ 
(87) [Esterline-Angus Company.] Position Recorder. Instru- 


ments, Vol. 3, 1930, pages 265-266. 
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them. Thus, in this intervening space there is a small It therefore is possible to connect the two ex 
region devoid of effective magnetic field; a coil placed in in series-opposition, when the third coil will d 

this region has no current induced within it. But if it is tinuities between the two sides of the pick-uv 
moved ever-so little in either direction the nullification is the exciting coils can be connected in paralle| 
no longer in effect over the entire coil and current will instrument will be sensitive to the effect of mat: 
be induced. It will vary in magnitude with the amount of entirely across the face. The second pick-up is 
displacement and in phase with the direction. in the manner indicated by Fig. 48A but, agai: 
nections are brought out, so that either one 

the secondary coils can be employed. It is mo: 
as an eddy-current device if the more remote 
coil is not employed. Both pick-ups are excite 
cycle supply at low voltage. 

The third gage head illustrated was designed 
for the detection of flaws in welded seams of 
vessels. It is excited by high frequency, 5,000 
second being most efficient. The use of high fre: 
desirable because it increases the speed of the 
because it makes possible the control of penetrat 
measuring influence.88 

This type of coil assembly is used in devices 
on large as well as small scales; it is used in th 
Induction Balance and a number of commercial de, 
ore-finding, metal-locating, and for the detection of 
objects in packages or upon persons; as in the sear 
established for visitors to prisons.8® A modified form j 
used for the inspection of cigars to detect small particles 
of metal accidentally included within them during many. 
facture.9® Such devices can detect any material having , 
magnetic permeability differing from that of air. They have 
been used to inspect steel cables and rods,91!)92 condenser 
tubing and similar products,®? and the tungsten wires used 
in radio tube construction.93 As indicators they have ¢ 
ployed oscillators which give forth an audible tor 
the incidence of a discontinuity,9? instruments which ii 
cated the condition continually,93 and relay devices 
gave any other desired indication. 94 

Fig. 48 B. Series-opposition type gages. Plate-thickness gages are ordinarily designed to 

with high flux densities on magnetic materials, th 

gram of such a pick-up. For measurement of plate thick- in operation the measuring head will exert a strong | 
ness it is ordinarily best to make the central coil the against the plate. This is an advantage, since the ¢ 
primary and the two outer coils the secondary. For inspec- head will hold itself in place while the operator | 
tion of a small-diameter rod or tube passing through the hands free for other purposes; it also assures c 
coil axially, it may be best to make the outer coils the reproducible contact with the specimen. Eddy-current t 
primary and the central coil the secondary. Proper place- gages are frequently employed to inspect large sheets of 
ment and shape of the coils is necessary for most efficient ‘Material, and in these systems it often is conve! 
operation; the magnetic fields produced by the exciting cause the gage head to scan the material mechanically.® 
coil—the primary—must pass through the specimen as Large separation between gage head and material 
fully as possible, and must likewise thread the secondary _ but electronic amplification is ordinarily available, 

ample sensitivity is available. The magnetic fo 
small. 

Other mutual-inductance gaging elements whic! 
been used in .series-opposition circuits are the 
air-gap transformers of Fig. 88C and Fig. 41A. Th 
structions are used in the Ford Induction Micromet 
and in the dynamometers and torsion-measuring 
ments of the same manufacture. The gage element 
41A with the electrical connections sketched thers 
in the basic form of these instruments; an alter 
current galvanometer is used as an indicating inst 


The same electric circuit is used in the construction of 
a pick-up in which all three coils are fixed in position, 
and so adjusted that no current is induced in the secondary 
coil. If then some material having either magnetic or 
conducting properties is brought near this assembly, the 
field is distorted and current will be induced. The device 
is therefore capable of detecting the presence or measuring 
the amounts (within limits) of the conducting or magnetic 
material placed near the coil assembly. Fig. 48A is a dia- 











coils. 

Three pick-up heads designed for measuring plate thick- 
ness or for detecting discontinuities in materials are shown 
in Fig. 48B. Left to right, they are, first, a variable air- 
gap transformer unit after the general form of Fig. 38D; 
second, an iron-core series-opposition unit of the form dia- 
grammed in Fig. 48A; and third, a similar air-core unit. 
Their dimensions may be estimated by comparing them 
to the microammeter in the background. The impedance of 
these units under operating conditions is approximately 
100 ohms each. In use, they are cased in protective cover- 
ings, either of plastic, or of copper if it is necessary to (88) Ross Gunn. An Eddy-current Method of Flaw ! 
protect them against stray fields. in Non-magnetic Materials. Journal of Applied Mechanics 


It is essential with devices of this kind that in operation ss tage "ete ee Ee ee 

° ee . . . " . (83 ° wa. elland, yeop lysica uxpioration, rentice-h 

a uniform distance be maintained between gage head and 1940, 1,000 pages. 

work; a change in this distance will obviously cause a (90) W. GC. Broekhuysen. A Practical Metal Detector. J 

change in the output of the gage circuit. (Exception: the ics, Vol. 11, April 1938, pages 17-19. 

unit at the left in Fig. 48B can be so connected that it is (91) H. Herbst. Elektromagnetische Verfahren zur Ei 

sensitive only to differences existing between its two sides.) Cocker Gecaaaeue naicaadie Wok OE TORR, cae Gera es 
a" —— ° ° = ofale eutscn genieure, 1. 76, 1932, : S$ 99/-008. 

Means for maintaining this spacing must be provided; in (92) [General Electric Company.] Wire and Tube Flaw | 

the gages illustrated a three-point support is used, and the mstruments, Vol. 6, 1933, page 88. 

distance separating the coils and the work is made rela- (93) D. T. O'Dell. Apparatus for the Detection of 

tively large, so that a small change in the distance will ag reg ae of Scientific Instruments (Lond 

° sas ls * ¥ 20, 943, page 7 
— less change in eutput. The sensitivity is lowered, but (94) [General Electric Company.] Tube Flaw Detector 
ordinarily there is an excess of sensitivity. ments, Vol. 16, 1943. page 708. 


. . . vari Tionece _ incer ¢ 1 F 
st tw e gage heads illustrated in Fig. 48B (95) Irwin Vigness, J. E. Dinger, and Ross Gunn. 
ae rise : se re i ~ magnetic materials tn may rent Type Flaw Detectors for Non-magnetic Materials, Jot 
~— cage ws ee eC eee Ss, Dut May Applied Phusics, Vol. 13, 1942, pages 377-383. 
be used on non-magnetic materials with lowered sensitivity. (96) J. M. Ford. British Patent No. 166.317. 


The first has all connections to the coils made accessible. (97) J. M. Ford. British Patent No. 215,986. 
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1 later ms a type of bridge construction has been 
bmployé 


Induct’: ce-ratio gaging elements have been used, with 










e CO! on from the three terminals so made as to 
eavide ucking action. The indicating device used with 
hese I ips is often the ratio meter. Such a circuit is 
am Fig. 49A. In this circuit (originally used in 
.rsion ters®8) the use of the ratio meter is desirable 
ecaust bhviates the need of maintaining exciting current 





voltage. The ratio meter indicates the ratio of 
UW] s flowing through its two coils, regardless of the 
oitaze applied to the circuit (provided it is greater than 

value for operation). Since both inductance and 
are present, however, the frequency and the 
, of the exciting current must be kept constant. 
former has also been used to combine the two 
which are obtained from an inductance-ratio ele- 
ment or from two series elements; a suitable transformer 
for the purpose has three windings, two of which are alike 
snd closely coupled. A “hybrid coil” of the telephone type 
s such a transformer. The indicating instrument in the 
ircuit often a low-range a-c. voltmeter. It indicates 
agnitude of displacement but not direction. 
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Fig. 49 


Strictly speaking, any device which can be so connected 
as to indicate the ratio or the difference of two currents 
can be applied as the indicating device in series-opposition 
circuits. Wattmeters are used as integrating devices.7® 
Differential telephones, dynamometer-type voltmeters, and 
even amplifiers with suitable input circuits have been used. 

Three-winding mutual-inductance gaging elements are 
well suited to series-opposition circuits; in such a gaging 
element the combination of currents is performed by reason 
of the internal inductive coupling of the pick-up itself. 
(The elements sketched in Fig. 89 provide this action.) 
Fig. 49B is a diagram showing an entire circuit. Similar 
circuits, in which the combination of currents is made after 
they have been rectified, with the difference current indi- 
cated on a d-c. instrument, have been used recently for 
precision measurement of screw-threads®® and for continu- 
ous recording of stock thickness in a strip-rolling mill.1°° 
These circuits appear as Fig. 49C and Fig. 49D. As may 
be seen, they closely resemble true bridge circuits, but differ 
in that the indicating instruments are connected through 
rectifying elements in such manner as to indicate the dif- 
ference between the currents in the two sides of a symmet- 
rical circuit. 

Of the many other bucking-type circuits which have been 
employed in gaging devices, there are three which because 
of their simplicity in construction and use, and relatively 
high efficiency, deserve mention here. They are drawn in 


Fig. 50. The first of the three is an adaptation of the 
tireuit of Fig. 49A; it is here modified to employ rectifiers 
in conjunction with the ratio meter.19! The second (50B) 
_ (98) Georg Keinath, Ein neuer elektrischer Verdrehungsmesser. 
am s Polytechnische Journal, Vol. 335, 1920, pages 265-268. 
_(99) H. T. Rights. New Electromagnetic Method of Measuring 
S rewthread Leads to a Few Millionths of an Inch. Instruments, 
you, 1944, pages 134-135. 

(1 C. C. Mason. The Trends of Instrument Design. Journal 
of § tific Instruments (London), Vol. 17, 1938, pages 323-333. 

(101) A, Linford. The Electrical Transmission of Flow and 
Level Record. Beama Journal, Vol. 47, 1940, pages 97-101. 
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is another modification of the same circuit.1°! The third 
(50C) is a further modification, so arranged as to permit 
the system to be used either as a deflection-type indicator 
or as a null-point device; if the balancing element is ad- 
justed until the deflection of the indicating instrument is 
zero, the two elements are similarly adjusted. Two or more 
indicating instruments can be used, thus enabling the sys- 
tem to be used for position comparison and control.!9? The 
indicating instrument is a low-range d-c. ammeter. 


§7. BRIDGE-TYPE CIRCUITS 


A bridge circuit is a network (of six or more conductors) 
which is so arranged that by suitable adjustment of its 
branches its output can be reduced to zero, and which when 
so adjusted can have its source of excitation and its detect- 
ing device interchanged without affecting the condition of 
balance. It is basically different from a series-opposition 
circuit, although the two often resemble each other phys- 
ically. 

Bridge networks used with a-c. excitation are classified 
by Hague!°3 under these five headings: 

(1) Containing resistance and self-inductance; 

(2) Containing resistance and capacitance; 

(3) Containing resistance, self-inductance, and capaci- 
tance; : 

(4) Containing resistance, self-inductance, and mutual 
inductance; and 

(5) Containing resistance, self-inductance, mutual induc- 
tance, and capacitance. 

Of these, the first and fourth are most used in variable- 
inductance gaging systems. In most such systems the 
arrangement is made such that capacitance can be ignored. 

A large proportion of the variable-inductance gaging 
circuits now in use are low-impedance circuits designed to 
provide sufficient current output to actuate the indicating 
or recording devices without amplificaticn. In such systems 
the ohmic resistance of the components is quite low; it is 
a common practice to make the impedances of the gaging 
and balancing elements about 100 ohms; of this impedance, 
the greater portion comes from the inductance of the ele- 
ment. When high-impedance elements are used, it is custo- 
mary to employ either indicating instruments requiring 
low currents, or to provide electronic amplification. Amplifi- 
cation is also required if the frequency of the phenomena 
being measured is high, since recording instruments suit- 
able for high-frequency recording require fairly heavy 
currents. 

In general it may be said that if the capacitive reactances 
are high compared to the other impedances present they 
can be safely ignored. Resistance and inductance balances 
only will then be required. 

The equal-arm inductance bridge is little used in electric 
gaging practice, except in the special case of the inductance 
balance. The circuits most used are of the ratio-bridge 
type, in which a unity-ratio pair of fixed arms is used, and 
the other pair of arms is composed of two other impedance 
elements; these may be either a single inductance-ratio 
gaging element, or a gaging element and a similar bal- 
ancing element if they are of the variable-inductance type. 
Thus a single bridge circuit can be used for different pur- 


(102) L. H. Bainbridge-Bell. Electrical Instruments. Journal of 
Scientific Instruments (London), Vol. 14, 1937, pages 57-61 

(103) Bernard Hague. Alternating Current Bridge Methods, 
Pitman (London), 1938, 600 pages. Chapter 4. 
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poses with gaging elements having somewhat different 
impedances. 1°4 

In Fig. 51A is shown a circuit which is perhaps the 
most widely used of all those for variable-inductance gaging 
systems.!194 In it two arms are provided by the center- 
tapped inductor and indicated by Zz and Z4, while the other 
two arms are provided by the gage and the balancing ele- 
ment, or by the two parts of an inductance-ratio pick-up; 
they are denoted by Z; and Zp. (The symbol Z indicates 
impedance.) If it is more convenient for a particular ap- 
plication, the source and the detector may be interchanged. 
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The center-tapped inductor is actually a pair of unity- 
ratio inductive arms for the bridge circuit, and for best 
results should be carefully prepared with the closest possi- 
ble coupling and the highest mutual inductance. 

In this circuit, the ohmic resistances provide only a small 
part of the total impedances. The exciting frequency for 
dynamic measurements is high (2,000 and 4,000 cycles per 
second are widely used), the impedances of the gage ele- 
ments are of the order of 100 ohms, while the ohmic re- 
sistance of these elements is seldom as high as 10 ohms. 
If an inductance-ratio pick-up is employed, or if the bal- 
ancing element is installed near the point of measurement, 
the lead resistances of both gage arms of the bridge can 
be made equal, and a resistance balance will be assured. 
In Fig. 51B are shown curves indicating the variation of 
output current from a bridge of the type of Fig. 51A with 
variation in the impedance of one arm of the bridge. In all 
three curves, the bridge is at one point (at minimum cur- 
rent output) balanced so far as inductance is concerned. 
In curve 1, a resistance balance was attained at the same 
point, and the output current approaches zero. In curve 2, 
a resistance of 2 ohms was added in series with the gaging 
element and left there while the inductance was varied. 
The output current falls to a minimum which represents a 
value higher than that in curve 1. In curve 3 the added 
resistance was 5 ohms. The effect of the lack of resistance 
balance is shown clearly; it is greatest near the point of 
balance. If the unbalance is large the effect of the re- 
sistance on the slope of the output curve can be ignored. 

It is desirable, from the standpoint of accuracy, to em- 
ploy an inductance-ratio pick-up, or to install the balancing 
element near the point of application of the measuring 
element, and to use connecting leads of the same length 
and the same material for all connections to these elements. 
Any change due to temperature or other atmospheric change 
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will then be common to both gage arms of the bridge, and 
will balance out. In practice, however, it often is satis- 
factory and more convenient to employ variable-inductance 
gaging elements and to install the balancing elements near 
the recording apparatus. Devices for adjusting the re- 
sistance balance can be built into the bridge circuit; two 
are drawn in Fig. 52. In the first, the adjustment is made 


(104) Cc. M. Hathaway. Electrical Instruments for Strain An- 
alysis. Proceedings Society for Experimental Stress Analysis, Vol. 
1, No. 1, 1943, pages 83-93. 
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by adding small increments of resistance in se) 
bridge arms which require greater ohmic 1 
balance; in the second, a pair of arms containi) ese: 
only is introduced into the bridge in parallel w 
arms, so that the best possible balance can 
In adjusting an inductance bridge to balance, 
sary to adjust both resistance and inductanc 
they are not independent, Both of these metho 
satisfactorily used.* 





It should be understood that special provisi: 
ing the resistance balance is not required in 
tions. If short connecting leads are used, as in 
gages and comparators, resistance balance ji 
achieved through the symmetry of constructio: 
cuit and its components. 


The circuit just described is simple, and em; robue 





elements which are easily constructed and ap) It j 
widely used where multi-channel installation Liredlls 
because of the simplicity of the individual circu ind thal to) 
versatility of the available gaging elements. | statidllfenct: 
measurements, 60-cycle current is used for excit n: fod oe 
dynamic measurements, high-frequency current imust }y ae 


supplied from suitable sources. 

Equipment of this sort has wide industria] 
used in studies of railroad track: there it has 
the strains and the forces occurring in rails, t} 
in rail joints, the vertical movement of rails and ti 
the strains of deflections in railroad bridges.!°5 It 
used on locomotives and on cars, to measure 
celerations, strains, and movements.196, 197 [¢ 
used in oil wells to measure the strains in sucke) 
forces acting in the pump jacks, and the torqu: 
by the motive power.1°8 It has been used in na\ 
to measure the strains, forces and movements in th¢ 
ture, and the power employed in various maneuv 
In the manufacture of artillery, such gages are 
to inspect gun-barrels for straightness while they a 
hot from the heat-treating furnaces.!11 In routin 
tion in industrial locations, they are used in ro 
to control roll pressure and to prevent overstr: 
mill parts,112 in cranes to prevent overloads, !! 
filing and gear-cutting machines to “feel” a patt 
control a cutting tool to produce a duplicate,!!4 





turbine generating plants to detect irregularities pera eyr 
tion and to check the performance of all parts.!!° Some quit 
generating plants keep permanent records of thi INgeSH eyy 
measured during every start of the turbines.!16 But there bri 
are too many uses to list. th 

ietin daube wh 

1ese resistance-balance methods came to the writ . 

tion in equipment manufactured by the Hathaway I enti We 
Company. 10, 

(105) Sixth Progress Report of the Special Con om bal 
Stresses in Railroad Track. American Railway Engine: \SS0- 
ciation, 1933. Chapter 3. 

(106) Seventh Progress Report of the Special Co: 

Stresses in Railroad Track. American Railway Engine 
ciation, 1940. Chapter 2. 

(107) E. A. Tulus. Tests on Mercury-Are Portable tion 
Car. Instruments, Vol. 7, 1934, pages 158-159. 

(108) H. E. Dralle and E. H. Lamberger. Oil Wel! 

Tests. Oil and Gas Journal, Vol. 40, Ma, 7, 1942, } 
46, 48. 

(109) H. H. Curry and J. C. Fink. Test of Transient ‘ tions BM hig 
in Maneuvering a Coast Guard Cutter. Transactions f vr 
Naval Architects and Marine Engineers, Vol. 49, 1941, ! as 
328. i 

(110) P. D. Gold. Stopping and Backing Trials of a ! “me ex 
Journal of American Society of Naval Engineers, Vo! N41 tie 
pages 76-127. _ 

(111) [Baldwin Locomotive Works.] Haskell Bore-st ness nc! 
Indicator. Journal of Scientific Instruments (London) - pa 


1943, page 148. 

(112) M. W. Hively. Use of the Electric Strain Gast 
Electric Review, Vol. 44, 1941, pages 621-623. 19 

(113) [General Electric Company.] Crane Stability | r ‘ 
General Electric Review, Vol. 47, 1944, page 26. 

(114) Anon, Electric Indicator Gage. Machinery (| 
Vol. 55, 1939, pages 213-217, 241-243. 

(115) J. L. Roberts and C. D. Greentree. Turbine 5 
Instruments and Records. Transactions American Societ 
chanical Engineers, Vol. 58, 1936, pages 607-614. 

(116) J. L. Roberts and H. M. Dimond. Applications of 
supervisory Instruments to Power-generating Equipment 
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ficient for low-frequency operation, and much 
et in construction, a bridge circuit in which 
1s are within the gaging element and are in- 
ipled together is effectively used in station-type 
is shown in Fig. 53. Such a circuit is not 
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ie adaptable to general use, and is not easily 

to allow for a convenient resistance balance. 
e is most useful in station-type gages, compara- 
the like, in which the gaging element can be 
ermanently. Its compactness and efficiency are 
.b1le. 











citing current can be introduced into a bridge- 
tupe ¢ ice gaging circuit either conductively, as in the 





circuit Fig. 51, or inductively. If the center-tapped in- 
that circuit is replaced by a center-tapped wind- 
transformer, the exciting energy can be introduced 
another winding on the same transformer core. 
ively, the bridge output can be taken off.118 In 
this expedient is not often used except when it 

| to feed several similar bridge circuits through a 
transformer with several similar center-tapped 
dary windings. It is an economical method when so 
used. There is danger, however, of the indication from one 
bridge circuit being inductively coupled into others through 
the common supply transformer. This method is best used 
only when the exciting energy is extremely small and the 
output of the bridge circuits is amplified before being 
recorded. Such systems have been effectively applied to the 
measurement of accelerations and strains in aircraft in 
flight;11° for such applications as these conservation of 
weight and space is extremely important. 

Measurements of static conditions can be accomplished 
with apparatus employing indicating instruments of high 
current sensitivity, although dynamic measurements re- 
quire recording instruments which invariably have lower 
current sensitivities. It therefore is practical to employ 
bridge circuits in which two resistance arms are used, 
thereby reducing weight, space and cost. Such a circuit, 
which has been satisfactorily used with an exciting fre- 
quency of 50,000 cycles per second, recording up to over 
10,000 cycles, is shown in Fig. 54. Provision for capacity 
balance as well is required in this circuit, because of the 
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high exciting frequency. The system was used for study of 
pressure variations and detonation phenomena in airplane 
motors.12° A simpler circuit, designed for lower frequency 
excitation, and not provided with capacity-balance facili- 
hes, is shown in Fig. 55. 

ations American Society of Mechanical Engineers, Vol. 65, 1943, 
pages 803-808, 

(117) C. M, Hathaway and M. Mohler. Tension Measurement 
and < ntrol in Cold-Strip Mills. Electrical Engineering, Vol. 56, 
1937, ges 1141-1144. 

(11 M. E, Fiene. Electrical Method of Obtaining Indicator 
' a Compressor. Refrigerating Engineering, Vol. 15, 1928, 
7-80, 

(11°) H. H. Bruderlin. New Applications of the Variable-re- 
Method. Instruments, Vol. 12, 1939, pages 324-326. 

(120) J, Ratzke. Ein elektromagnetischer Indikator und Klopf- 
mess Deutsche Luftfahrtforschung Jahrbuch, 1938, part II, 
98-372. 




















The most widely applicable type of bridge circuit for 
use with variable-inductance (or inductance-ratio) gaging 
elements is the bridge circuit—either the resistance-induc- 
tance bridge if amplification is employed or the bridge with 
all four arms containing inductance if the current output 
is to be large without amplification. It seldom is necessary 
to provide means for making capacitance, resistance and 
inductance balances; in most instances it is sufficient to 
make the bridge symmetrical mechanically, and to provide 
only resistance and inductance balances. The principal 
function of the resistance balance is to give the two sides 
of the circuit the same ohmic resistance, while the induc- 
tance balance is required to make it possible to adjust the 
instruments to the proper part of their ranges. 

It is a characteristic of the alternating-current bridge 
that a change in phase of the output current occurs as the 
bridge is carried through the balance condition. This be- 
havior provides a method of imparting phase-sensitivity— 
and therefore sensitivity to the direction of the unbalance 
—to the indicating instrument. If a simple a-c. instrument, 
sensitive only to magnitude of current or voltage, is used 
as a detector, the deflection of the indicating instrument is 
proportional to the magnitude of the unbalance, and does 
not take into account its direction. But if a phase-sensitive 
instrument is used, both direction and magnitude are indi- 
cated. Electrodynamic ammeters and voltmeters, and all 
a-c. wattmeters, are phase-sensitive. Most other indicating 
instruments require the use of a phase-sensitive electric 
circuit, or the provision of a balancing current to enable 
them to indicate direction of unbalance. A convenient form 
of circuit for such applications has been used in a number 
of commercial instruments; 121! it is a combination of bridge 
and bucking-type circuit, as shown in Fig. 56. The measur- 
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ing circuit is a straightforward bridge circuit, and a 
separate bucking circuit, excited from the same source, is 
provided to bias the indicating instrument suitably. The 
bridge is then operated with a small amount of unbalance, 
at all times, and the bucking circuit brings the indicator 
back to zero. Changes in the output of the bridge will then 
appear to have opposite polarities for opposite directions of 
change in the gaging element. 

The selection of the most suitable type of indicating or 
recording instrument requires consideration of many fac- 
tors. These instruments, and their associated circuits, will 
be discussed in detail in a later article. 


§8. PHASE-RESPONSIVE BRIDGE CIRCUITS 


In addition to those bridge circuits in which the output 
of the bridge circuit is utilized simply to determine the 
presence or the magnitude of unbalance, there is a group 
of instruments in which the unbalance is applied in such 
a manner as to restore balance or to operate some indicat- 
ing or control device. They may be considered phase- 
responsive, since they employ the phase sensitivity of a 
circuit to determine the direction of application of the 
controlling force; in general they will provide their restor- 
ing or control forces either through their own exciting 
current or through an amplifier or servo system. 

A basic type of position-repeating bridge circuit—and 
one of the oldest—is the inductance balance. It is an equal- 
arm bridge circuit, comprising two inductance-ratio type 
pick-ups. Its operation depends upon the fact that a mag- 
netic force is exerted upon its core by a solenoid, whether 

(Continued on page 414) 

(121) M. C. Coffman and C. H. Borneman. Measuring Millionths 
of an Inch in the Gage Room, General Electric Review, Vol. 41, 
1938, pages 502-503. 
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Saving Manr-hours in the Industrial-plant Power Hous 
Through Instrumentation* 


By H. C. CARROLL, Commercial Testing & Engineering Co., Chicago, Illinois 


HE modern steam-electric generat- 

ing plants of public utilities have 

always taken full advantage of 
instrumentation to effect economies, 
both in man-hour operation and in 
maintenance, as well as taking full ad- 
vantage of technical advances in the 
art of power generation, in which they 
are usually leaders. 

It should be borne in mind that in 
such plants all of their skill, energy, 
and endeavors are directed to making 
the final product, electric energy, at 
the lowest possible cost, which, despite 
increasing fuel, labor, and material 
costs, has shown somewhat steady de- 
creases. The incentive to produce low 
costs in such plants is paramount. 

In the power plants of industrial 
firms, however, where the main prod- 
ucts are manufactured goods, the gen- 
eration of steam and electricity forms 
but a department (often a vital one), 
but may represent only a small por- 
tion of the total costs entering in the 
finished products of the plants. There- 
fore, the incentive for economy and 
efficiency is not nearly so keen as in 
the central station field. In some such 
plants under our observation, the power 
plant costs represent as low as 10 per- 
cent of the total cost in finished prod- 
ucts. By reason of the large number of 
these plants all over the country, the 
real opportunity for saving man-hours, 
as well as effecting fuel economies, pre- 
sents a large field. These are the types 
of plants we shall discuss. 

The fundamental reason for the ex- 
istence of these plants in industrial 
firms is the necessity of space heating 
often combined with the requirements 
of heat and electric energy for process 
work. Too often we find that the de- 
mands for space heating, being season- 
able, do not synchronize with demands 
of electric energy if generated in the 
plant, usually by non-condensing en- 
gines, with the result that wastes occur. 
In the larger industrial plants the 
process requirements of steam may call 
for pressures ranging from the usual 
5 Ibs./in.2 (which is quite standard for 
space heating) up to the full designed 
pressure of the installed steam generat- 
ing plant. Here the bleeder turbine is 
applied in obtaining the desired process 
pressures in connection with electrical 
generation. 

Again, the relationship of electrical 
load demands and steam demands have 
to be studied in order to realize the 
greatest savings in man-hours and fuel. 
Frequently a combination of purchased 
power and industrial - plant - generated 
power is employed to overcome the sea- 
sonable operating demands, especially 
where plant buildings are large. This 


*Presented at the Chicago War Produc- 
tion Conference, March 30, 1944. 
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has provided a solution to the problem 
of waste in the non-heating season. 

In applying instrumentation as a 
means of cutting man-hours in such 
plants, some think only of indicating 
and recording instruments, which indi- 
cate and record such functions as tem- 
peratures, pressures, and flows, which 
affect the operatioin of equipment. 
Actually, however, instrumentation in 
power plants includes combustion con- 
trols, pressure regulators, thermostatic 
controls, liquid level controls, air con- 
trols, concentration controls, and auto- 
matized coal and ash handling. 

When a plant is small enough to be 
handled by one day man and one night 
man, it would seem that there would 
hardly be the opportunity for saving 
of man-hours. Yet many such plants, 
not altogether too small, either, are 
capable of being so handled, by reason 
of important functions being automati- 
cally controlled, that is, regulation of 
feedwater heating and boiler level con- 
trol; feedwater pressure control and 
automatic boiler feed control; automa- 
tic pressure regulation for heating 
demands; automatic combustion and 
stoker control; and coal feeding. 

It is indeed surprising to find that 
many plants that burn sufficient coal to 
warrant installation of stokers and 
controls are still hand-fired and hand- 
controlled in every respect, having no 
instruments except the steam pressure 
gage which is required by law. In such 
cases instrumentation would make a 
large contribution to man-hour and coal 
conservation. 

There often is a great reluctance on 
the part of the plant management to 
spend money on boilers that are (or 
soon will be) old enough to be reduced 
in pressure, when it is doubtful whether 
new boilers can be obtained in view of 
priority restrictions which have been 
imposed during the last three years. 
Another reason advanced for postpon- 
ing investments for new power equip- 
ment is that even if the present power 
plant costs of manufacturing firms are 
high, the same money put into some 
of the manufacturing processes would 
produce greater savings than in the 
power plant. However, the power plant 
will eventually need a revamping; and 
when the present emergency is past, 
many firms will be in a poor position 
to meet the keen competition that is 
certain to come; and they will find 
themselves considerably handicapped. 
In anticipation of post-war competition, 
many plants are now having engineer- 
ing surveys made, and are laying plans 
to meet future competition. 

Another reason why instrumentation 
is especially needed now in these power 
plants is the call into the armed serv- 
ices of many skilled plant operators 


and maintenance men, which jag may, 
it necessary to substitute skille 
and untrained personnel. A] he hig} 
wages of war plants hav ttracte 
many away from power plants. 7}; 
throws a heavy responsibility on 4, 
remaining few key personne! of th 
power plants, and if instr , 
and control are lacking, cont 
reliable operation may be jeopardizes 

Automatic combustion control an 
feedwater control enable one skilled 
operator to successfully op 
many as four large steam generating 
units; while one or two men on coak 
and ash-handling equipment, properly 
installed, can take care of a row of 
such units. 

Instrument boards fully equippe; 
with indicating and recording instr, 
ments not only enable the operator ty 
be properly guided in successful eco. 
nomical operation, but also furnish 24. 
hour records for making up permanent 
records or for further analysis. 


] 


Continuous blowndown contro! is an- 
other item that reduces man-hours in 
the boiler room. 

In the larger plants motor-driven line 
valves enable the operator to cut boilers 
in and out from a single point of opera- 
tion, or to control distribution « 

Indicating and recording sn 
vices keep a constant watch on vi 
tions, with alarms to notify the 
tor when density is too great. 

Automatic over-fire air co 
now to be obtained by means 
electric eye used on the smok ica 
tor, which operates a relay controlli 
the over-fire air fan. 

On some of the modern stean 
ating units, boiler water level 
elevations can be brought dow: 
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rately to eye-level for indicating level 


and recording level on 24-hour « 

Even the automatic control « 
conditioning for makeup purp: 
now be obtained. 

The proper selection, type, 
tion, and extent of such controls in 4] 
plication to power plants to accomplis! 
the desired results. both in labor-savi 
and economy, should be made on! 
eareful study and a survey 
individual plant. 

Conditions of operations, ch: 
istics of load, and services to ! 
dered vary so greatly in power | 
that it would be most difficult 
anything but general suggesti 
guidance in such application. 

For coal- and ash-handling ‘ 
tion, the rather expensive aut 
apparatus is only warranted wh 
quantity handled is sufficiently |: 
save labor, provide storage, or 
the design of layout is such as t 

(Continued on pag 





~ ao. UrODUlUCD 











For radio and other communica- 
tions service: Type DW-51 d-c 
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A New Design That Puts 
More Instrument into Less Space 


These new, internal-pivot instruments were developed to fill a vital 
need—particularly in the radio and aircraft fields—the need for com- 
pactness. They are thin—in most ratings, less than 1 inch deep. 

More important is the way their thinness was achieved. In the 
sketch below, see how the pivots are solidly anchored to the inside 
of the armature shell so they cannot work loose. The moving parts 
are permanently aligned with stationary parts by bolting the core 
assembly to a one-piece cast-comol magnet. Type DW-53 d-c voltmeters, am- 


- ‘ —" : : bs meters, and volt-ammeters that are 
Other features are: large-radius pivots, high torque and good damp ails Joulguedl ia mnaacele 
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ipdhedi saad ing, lightweight moving element, and ample clearances. Added up, voltage and current in battery and 
oint of cnera.M they give you an instrument well able to withstand vibration and battery-charging circuits on naval 
tion of steam, Hold its rated accuracy, one that is fast on response and easy to read aircraft. They meet applicable 
ia eeocla del accurately—a design that packs all-round fine performance in a small Navy specifications. 

aad la space. 

ify the opera For ratings, price, and dimensions, ask our nearest office for Bulletin 


GEA-4064, which covers instruments for radio and other communica- 
tions equipment; or Bulletin GEA-4117, which describes those suitable 
for naval aircraft. General Electric Company, Schenectady, N. Y. 
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cought goal peached thi hrcugh 
live greal manufacturing orgawigalions 


Now industry can benefit by the unique properties found in a totally 
new group of products derived from silicon. For the first time, successful commercial pro- 
duction of such products has been attained. It has been reached by uniting, in Dow 
Corning Corporation, the technological resources of two great organizations—The Dow 
Chemical Company and Corning Glass Works. 


Dow Corning Silicones are now available to industry in the forms of resins, fluids, and 
greases. Many other products are under development for high temperature or low tem- 
perature use. Detailed information and technical assistance are available on request. 


first c 


@ Dow Corning Insulating Resins— 


Heat curing, high temperature stable insulating varnish for use with Fiberglas, 
mica and asbestos insulating materials to make possible higher operating temperatures 
for electrical equipment. 


® Dow Corning Fluids— 


Inert liquids, with viscosity little affected by temperature changes; excellent 
dielectrics; chemically resistant, high temperature stable, operate down to very low 
temperatures. 


® Dow Corning Greases— 


Plug cock grease for lubricating industrial plug cocks and valves—Stopcock 
grease for glass, ceramic and plastic fittings. 








ow High Precision |. 
BAROMETER}: 


HE new Model B-10/ is an ideal primary instrument 
for small landing fields or secondary instrument for 
large landing fields and weather bureaus, scientific lab- of it 
oratories, educational institutions, or wherever a pre- 
cision barometer is required. 


The non-lag “Zero-gauging” principle is exclusive with 
American Paulin Barometers. It gives quick, accurate 
readings without tapping or vibrating the instrument. 








The B-101 has no frictional parts such as gears, chains 
and pinions, common to other types of aneroids. This 
assures sustained accuracy of readings throughout the 
life of instrument. 


Model B-101 has a range from 21 inches to 31 inches 


A . shift 
mercury, graduated to 0.01”. Large 10” dial makes it - 
possible to easily interpolate readings to .0025” and the | 
eliminates personnel error. and 

.; 815 

American Paulin System Barometers and Surveying In 
Aneroids are made in sizes and ranges to suit all but} 
purposes. shift 
. . : light 

Write for further information dist} 
of r 


American 


The above is an actual reproduction in CP % Fig 
exact size of a section of the new Model / 7 
B-101 dial. Note ease with which frac- ! 





tional readings can be made. 


1847 So. Flower St., Los Angeles 15, Calif 
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M. F. Behar, Editor July 1944 


Balancing the Vertical and Gimbal Ring Assembly 
of the Sperry Lirectional Gyro Indicator 


By GEO. R. FORD (with Armed Forces overseas) 




















On - system explained below, originated by me, applies or 
to all instruments of this model regardless of whether 315 counterclockwise shift. 
the position of the weights, necessary to effect a balance, 225 clockwise shift. 
forms a near quadrangle or a triangle. In the event that the drift is strong, the better correction 
In the event that the Vertical and Gimbal Ring assembly would be to shift the four weights: 
hasa near balance, the logical position of the weights in 315 & 45 counterclockwise. 
order to effect a balance, would be on or near the 45, 135, 135 & 225 clockwise. 
ument 25 and 315 degree points. Therefore, in order to facilitate Fig. 2—2. A: Clockwise drift. 
et for explanation, the weight nearest one of the above-mentioned B: do. 
cage points is hereinafter designated by that number, regardless C: Counterclockwise drift 
ic lab- of its true position. D: do. a ; 
nial adel o go Cor: 45 counterclockwise shift. 
te: Tr: 225 clockwise shift. 
— / { \ 2—3. A: Clockwise drift. 
— sali A iil tian BC&D: Balance. . 
2 G; wX_, $25 Cor: 315 & 45 counterclockwise shift. 
ment. 1¥0 Fig} z70 2—4. A&B: Clockwise drift. 
hains C&D: Balance. . 
This For the purpose of study, we shall assume the dial repre- . Cc or: 45 counte rclockwise shift. 
it the sented in Fig. 1, both A and B, to be in balance. Shifting Those without actual experience in balancing the assem- 
weights 8315 and 135 each an equal distance clockwise or bly will likely condemn Nos. 3 and 4. However, due to 
counterclockwise would not alter the balance in either A mechanical defects in construction, they are found and 
nches or B. The same is true in regard to 45 and 225. Forty-five corrected as stated. 
; shifted clockwise and 315 shifted counterclockwise an equal cs ; 7 
res it * : Z as 3/5 225 135 
Fool distance would not alter the balance in A but would destroy on = No 370 =\0 10 =~ 2 70 90 = ~g0 
an the balance in B. In order to retain the balance in B, 225 re ris 
and 135 must be shifted to conform with the shifts of #5) A fyi B §* 3s] C Pe a] D_ gazes 
—— 315 and 45. aoe ma Les ie yo ‘ Xo M 4 
4 all Inasmuch as unbalance is the result of unequal distri- ae ‘ hy —_ rine Ona 2 70 





bution of weitht, a balance of vertical ring is effected by 
shifting weight from the heavier are of the dial to the Fig. 3—1. A: Clockwise drift. 







lighter are. Many corrections may be made by at least two B: Balance. 

distinct shifts. The shifts should be selected with the view C: Counterclockwise drift. 

of retaining the weights as near their logical position as D: Balance. 

possible. Cor: 45 counterclockwise shift. 





225 clockwise shift. 
Fig. 3—2. A: Clockwise drift. 
BC&D: Balance. 
Cor: 45 counterclockwise shift. 
3—3. A: Clockwise drift. 





EXAMPLES OF UNBALANCE AND CORRECTIONS. 






oO 
25 vs 218 315 











Ny D = B: do. 
Car oS C&D: Balance. 
7° Cor: 45 Counterclockwise shift. 
135 Clockwise shift. 
J Fig. 2—1. A: Clockwise drift. or 
B: Balance. 225 Clockwise shift. 
C: Counterclockwise drift. 315 Counterclockwise shift. 
D: Balance. To balance the vertical and gimbal ring assembly, place 
lif. Cor: 45 counterclockwise shift. the fixture directly in front with the bottom bearing to- 
135 clockwise shift. ward you. The dial may be turned in either direction or 
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Army, Navy and Air Corps 


DIALS AND OTHER DEVICES 


processed with 


RAOIVGI 





PHOSPHORESCENT AND 
FLUORESCENT COMPOUNDS 


Materials processed with radium compounds 
glow everlastingly in the dark without activation 
from any outside source. 

We process with luminescent compounds, all 
types of dials and other devices, in metals, 
plastics and glass, according to the latest Army 
and Navy specifications. Our perfected labo- 
ratory methods ensure uniform accuracy and 
durability of applied numerals, lettering and 
calibrations. Information and estimates on your 
specifications furnished promptly on request. 


First in Radium—Under one control—mining, 
refining, technical research, processing and 
distribution of radium products for industry. 


Canadian 


RADIUM & URANIUM. 


Corporation 


630 FIFTH AVENUE « ROCKEFELLER CENTER e NEW YORK 
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rocked back and forth at will. A four-point 

headings shown in Fig. 2 should be made first. 
ginning the drift is usually strong, obviating th 
of testing on more than two headings. Thes: 
should be 90 degrees apart. In the final stages, 
of weights must be determined by the action a; 
of the dial on the four headings considered as a 

The bearings should be properly seated. To s 
ing, turn the dial a degree or two past the he: 
back to the heading, eliminating ‘“‘back kick.” A] 
dial on the heading and strike the fixture tw 
times before releasing. 

The starting point is immaterial. Should the 
heading be used, the second should be 90 deg 
way. Rocking the dial from one heading to the 
indicate the shifts necessary to balance both headi 
taneously. Should this be difficult, balance one hx 
proceed to the second, third and forth, being ¢ 
examples shown under Fig. 2. 

A four-point balance is easily converted int 
around balance by complying with rules shown wu 
3. Few vertical rings are mechanically perfect. 
common error is found in the alignment of 1 
pivot, which often changes the center of gravit 
its revolution. These rings cannot be balanced 
However, with the aid of friction (ever-pres 
bearings) a balance apparently perfect may hk 
provided the defects are not too great. 

It is important to recheck the balance after th: 
has been installed in its case, by using the 
method: Lay the case on its side on a rubber mat 
open end toward you; hold the case with bot! 
thumbs in back, raise and lower the open end 
an are of approximately thirty degrees. In the « 
assembly is in balance, it will remain stationary wh: 
on all headings, provided the motion is uniform 
the swings be irregular and the irregularity conti: 
assembly will revolve slowly and make a complet 
tion. A heavier are will drift downward and rema 
past lower center. 

After three or four months’ practice, the mechar 
be able to discontinue the use of the balancing fixt 
balance the assembly in its case in three to five 1 





Wire Recorder and Camera Help 


CAA Check Flight Tests 


WASHINGTON, D. C., JULY 1—How Civil Aer 
Administration flight tests, usually conducted téte 
have acquired an invisible audience in experiments 


nautics 


a-téte, 


designed 


to promote greater uniformity in rating, was described here 


today. The annual meeting of the National Resear« 


cil Committee on Selection and Training of Aircraft 


was told that the verbal observations of the inspect 
being recorded on a magnetic wire device, while 


same time the performance of the student pilot is phot 
graphed by a specially-installed moving picture c 


The inspectors’ observations, as recorded on the v 
as written on special check sheets, are now being c 


with the actual filmed performance of the pilots. Th« 
Safety Regulation Service is codperating fully wit 


standardization program. 


The meeting, held at CAA headquarters in the | 


ment of Commerce, also heard Dr. Morris Viteles 
University of Pennsylvania, chairman of the co! 
report on a “hangar-flying” questionnaire which has 
up 300 “tricks” found by instructors to be effectiv: 
are now being evaluated and the best will be publishe 

Dr. Raymond Franzen, CAA consultant, present 


liminary findings of a study of accident causes he is ! 


in codperation with Dr. Dean R. Brimhall, CAA R 
Director. Ultimate aim is to revise flight inst 
methods to place more emphasis on training stud 
recognize and avoid situations in which accidents oc« 

Dr. Robert Y. Walker reported progress of the 
mental flight training program at the University 


Coun- 
Pilots 


rs are 


at the 


T0- 
ra 
imera. 
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following 
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deseriping 

event the 
vhen tested 
eg Cannone Gualiiy Cortteol makes some exacting demands 
inued, the 
sin 0 al —for instance die castings so intricate and precise that ordi- 
nie should Mary sources cannot supply them profitably and in quantity. 
ixt and 
—— A So we built, equipped and staffed our own die casting 
lelp department. It’s a big one—rates among the five largest 

aluminum alloy die cast plants in the country. It has a huge 

eronautics : : ' 
éte-d-téte, capacity—much more than even we need. But its size assures 
s de signed 
ribed here > : 7 ean ee 
ose me our customers prompt delivery of almost any quantity of 
‘aft Pilots ; ; : 
stan ie Cannon Connectors, on short notice without the slightest 
ile at the “ . 

is photo- sacrifice of the well-known Cannon qualities—easier assem- 
> camera. 
. wire and s re4 - " 
Sete bly, better fit, greater strength with less weight, longer 
The CAA ; 
with this trouble-free life. 
2 Depart: 
es the 
ommittee, Sos 
as ned =" 
ve hese : ; 
«Beno de sins wit sound coves | CANNON ELECTRIC 
nte pre- 
| Ling MEDS assembl i i , : 
'S ae - y and soldering techniques Cannon Electric Development Co. Los Angeles 31, California 

tesearct H&vailable on request. Address D 
struction q es ept. Canadian Factory and Engineering Office: Cannon Electric Co., Ltd., Toronto Re 
idents to#'-123, Cannon Electric Development | 
cc ; 3 REPRESENTATIVES IN PRINCIPAL CITIES — CONSULT YOUR LOCAL TELEPHONE BOOK 
e exper f°» °-09 Humboldt St., Los Angeles 
of Te RB). California. = 
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Supported by CAA and state funds, the Institute reco te 
I Bi S T R UM E ¥ T L AT | E e | began the training of 20 civilian residents of K) Ville al 
| the University Airport. The courses of instruction dif 


the amount of time devoted to teaching particu 
vers, to determine which pattern makes for acquisitioy 


| 
| nessee Institute of Aviation Psychology, which 
| 
| 












i} 6: Immediate Delivery 
i. 








the greatest flying skill. — 
Members of the executive subcommittee which Super 

| vised the research projects discussed at the meeting are 
| Dr. Morris S. Viteles, University of Pennsylvania, chairl 
| man; Dr. Dean R. Brimhall, CAA; Dr. Cha Bras 
| National Defense Research Committee; Cdr iniel J 
| Brimm, Navy Dept.; Dr. Leonard Carmichael, esiden 
Tufts College; Lt. Cdr. Jack Dunlap, Navy Dept.; Lt. cg 

| John C. Flanagan, War Dept.; Dr. H. M. Johnson, Tuland 





| University; Dr. Walter Miles, Yale University Medical 
| School, and Dr. G. R. Wendt, Wesleyan Universit 














14” Bar Capacity — _ Bead Former for Instrument and 
COLLETS 1/32” to %” | Hydraulic Lines 
Adapter Available for collets in Metric | |] NVENTED by Frank J. Nickel, repairman at The Glem 





L. Martin Co., Baltimore, Md., this tube beading devied 
has effectively solved the small-diameter tube beading prob. 
| lem at that company, where %” O.D. tubing is use 

COMPOUND 1 MOTORS , ier extensively for instrument, hydraulic and fuel lines. 
SLIDE RESTS Yq hp. and Sma ler Where conventional beading methods utilize tools by 


i which the bead is rolled into the metal, the new method 
Write for details and prices 


RK. P. GALLIEN 


220 WEST FIFTH STREET, LOS ANGELES 13, CAL. 
PRECISION INSTRUMENT EQUIPMENT—-TOOLS AND SUPPLIES 


.1 mm to 6. mm 











produces the bead by squeezing. The machine consists of 
a pneumatic squeezer with two sets of blocks cut out for 
4” tubing. One set of blocks is stationary and the other 
movable. In each set of blocks the 4%” hole is enlarged t 
a cup shape at one end. 


<> with ae, and designers 


s 22; They agree on the accuracy, long, trouble-free service 





‘ and exclusive Air-Safe features. Pilots like the rotating 
“*.4 dial that eliminates compass correction cards. Designers 


~, like the oil resisting rubber bellows and the careful The tube to be beaded is clamped securely in place In 


the stationary blocks, with the end upon which the bead 
is to be raised extending out through the cup-shape opening 
and into the movable blocks where it is likewise c l 
Both sets of blocks are actuated by a cam clamp. After 
the tubing has been clamped in place, a pneumatic cy!inder | 


' shock mountings. Both agree on the large dial with clear 
“4 definite markings, the unbreakable “Bull's Eye” lens and 
the general appearance of the compass that adds a tone 
of quality to the instrument panel. Purchasing agents 


endorse this remarkable achievement in compass design 





| Ss . — . . 
| pg? fer Re econsmy both tn iaiial price end on the produc- pushes the movable blocks forward, compressing the tub 
pe tion line. Write today for more information. 


which expands into the cup-shaped recess to form the beat. | 
The height of the bead is controlled by the movement | 
the cylinder arm and the size of the cutout in the //ocks. 

The new method shortens the tube about %” but this 


can be easily compensated for in the development the 
true length. At the same time, the new tool offers a further 
advantage in that it increases the wall thickness of the 
AIR-SAFE AIRCRAFT INSTRUMENT CO. tube in the area around the bead, adding to the streng™ 


GLENDALE 4, CALIFORNIA ‘ 
an " BRANCH OFFICES SAN ANTONIO, TEXAS of the bead. 
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looks to Revere... 


Send for catalog No. |0. 


THE REVERE 


WALLINGFORD, CONNECTICUT 





In The Aircraft Industry It’s...REVERE 


Where accurate heat and airflow measurements are vital, the Aviation Industry 
specialists in the design and development of thermal - 
electric pickups and total pressure and pitot-static pressure tubes. 

Write us about your special temperature and airflow measurement problems. 





COMPANY 


OFFICIAL U. S. NAVY PHOTOGRAPH 
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precision 





Filings, burrs, etc., from 
brass or copper screw ma- 
chine parts salvaged in 
sediment trap will soon 
pay for this machine. 


































Use your own proven 
solvent or cleansing 
liquid such as Oakite, 
soap, powder solu- 
tion, carbon tetra- 
chloride, trichlor- 
ethylene, etc. 


4. Work comes out like new. 





wt PORTABLE ELECTRIC 
INSTRUMENT WASHER 


Only 


80 


Complete with 
Trays and 
Cover 


THOROUGHLY AND SAFELY CLEANSES THE MOST 
DELICATE MECHANISMS AND SMALL PARTS 

1. No Abrasions! No Bumping! No Scratching! No Tumbling! Absolutely 

no abuse because there is no moving of the most delicate parts or mechanisms. 


2. Cleansing liquid circulates through complex and odd shaped instrument 
assemblies—work remains stationary. 


3. Keeps disassembled parts to- 5. Compartments can be lifted out. Larger 
gether;nomixed ormissing parts. parts can be just as thoroughly cleaned. 


6. Drain well at bottom for dirt elimination. 
WRITE FOR LITERATURE 


AIRCRAFT INSTRUMENT DIVISION 


NAXON UTILITIES CORPORATION 


Engineers and Manufacturers of Precision Electrical Devices Since 1922 
2101-11 WALNUT STREET, CHICAGO, ILLINOIS 
World’s Leading Manufacturer of Portable Electric Washers 


























Same instrument with ther- 
mostatically controlled 
beating element for use 
with low-cost solutions 
where constant 

ture is required, 
C742-B, $100.00. 


tempera- 
Model 
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The beryllium -copper spring is made 
in one piece. It is gauged to an accu- 
rate .008 5” thickness; has high resist- 
ance to fatigue. Ends of compres- 
sion members are finished to provide 
an extremely low friction bearing. 
Contact end of the spring is fitted 
with a riveted radius type contact 
of 99.95 % fine silver. It moves at a 
speed of 3/1000ths to 5/1000ths 
of a second with a rolling action 
and extremely high pressure. 


Short spring 
members Piv- 

Ot in patented 
V-grooves of 
this sturdy 
brass anchor. 
Note the spe- 





for use in aircraft. 
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if you would like to know more about the 
Micro Switch, send for the two Handbook- 
Catalogs illustrated here—No. 60, which 
covers Micro Switches in general; and No. 
70 which deals with specific Micro Switches 


Why These Basic 
Principles of Micro Switch 


Design Assure You 


© Longer switch life than you will ever need 
Absolutely precise and accurate repeat operation 
e 40 grams contact pressure—lightning-fast contact action 


The Micro Switch design incorporates features that provide desirable 
performance characteristics not generally found in snap-action 
switches ... The heat-treated beryllium-copper spring bends in the 
game direction as the operating plunger—no reverse bends—-no 
“nilcan” action... gives longer switch life—accurate repeat action 
—increased contact pressure—lightning-fast action—millions of 
operations On minute movement and force differentials. It is the 
choice of design engineers for all types of sensitive instruments. 


cial shape of these grooves, which 
reduces friction to a minimum. 


Stationary w 
contact is §& 
a flatinlay | 
of 99.95‘ 

fine silver. 
This con- 
struction 
assures 
ample over-load capacity and maxi- 
mum heat dissipation. 





bee 


Operating po 
plunger is a 
highly polished 
stainless steel 
pin imbedded 
in an accurately 
moulded  star- | 
shaped Bakelite 
head. Provides long over-surface 
path to live parts, thus insuring free- 
dom from electrical leakage. Plungef 
head cannot rotate within the hous’ 
ing, insuring against any variatio# 
in point of operation. 





24 


Micro Switch is a trade name indicsting manufacture by Micro Switch Corporation 


MICRO (Ms, SWITCH 


Manufactured in FREEPORT, Illinois, by Micro Switch Corporation 
Branches: 43 E. Ohio St., Chicago + 11 Park Place, New York City 
Sales and Engineering Offices: Boston * Hartford + Los Angeles 








Electric Gaging Methods 
Continued from page 403 


it is excited by direct or by alernating curr 
inductance-ratio elements are connected as sho 
57, the current flowing through arms Z; and 

pend upon the position of the iron armature y 
two inductive arms; conversely, the position 

armature in the receiving element will be contr. 
ratio of the currents flowing through the two ec 
Z4—the greater pull being exerted by the coil ¢: 
greater current. The armature in the receivi: 
will assume the same position as that in the tr 
element, if there is sufficient power available in 
ment to operate the receiving device. The curre: 
to supply the system is necessarily high; eno 
must be available to operate the indicating dev 
its mechanical resistance. Other position-repeati: 
based upon phase-responsive circuits are in use; 











example, which can operate with more than two 
each element is similar in construction to the 

type a-c. regulator; here the phase shift of th 
flowing in the connecting lines is the only crit 
position. In another (a modification of the prece: 


same operating principle is employed, but different wu: 


employed as receivers and transmitters. 122 
Induction-balance circuits are in general r 


that is, they are mechanically and electrically symn 
and will operate in either direction with equal facilit 


the mechanical resistance offered to the receiving 


appear also at the transmitting unit; the electrica! 


simply acts as a transmitting medium. An amplif) 
tem can be installed between the two elements; 
power to actuate the receiver will be supplied by t! 


fier, and no drag will be imposed on the transmitter. 
amplifier may be electronic, a servo system, or an} 


suitable form. 


A simpler form of control, not employing amplifi 


but offering no mechanical reaction at the transn 
afforded by a bridge circuit in which two arms 
sistive, and two inductive, as in Fig. 58. The acti 
circuit is just as in the true induction balance, ex 


the resistance unit must be used as the transmitt 
the inductive unit as the receiver.1?3 The currents t 
the resistance unit do not act to alter its adjustn 


that the only force required to operate the systen 
needed to move the slider of the resistance unit. T] 
is not reversible. It is especially applicable to 


relatively large power through the operation of 


contacts by the moving armature, the primary 


being a small voltage-dividing resistor at some remo‘ 


The Kelvin and other current balances, and ot 
metering and control circuits employing this princi} 
wide use, but are described in detail elsewhere. !° 

Systems for position-repeating depending upon t 
control of an electrical element are in extensive u: 


are based on the self-synchronizing-type motor—k: 
the trade names of Selsyn, Autosyn, Telegon, et 


They are phase-responsive devices; in construct 
unit is an a-c. motor having a three-phase stat 
two-pole rotor. The most common connection is th: 


(122) P. A. Borden and M. F. Behar. Telemetering a 
izing. Instruments, Vol. 8, Sept. 1935, pages 235-240, 
pages 323-332. 

(123) [Minneapolis-Honeywell Regulator Co.] Prot! 
Electric Motor Control System. Instruments, Vol. 5, 19 


24-25. 


(124) W. A. Reichel and R. C. Sylvander. Atitosyn A 
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for Remote Indication of Aircraft Instruments. Journa 


Aeronautical Sciences, Vol. 6, 1939, pages 464-467. 
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y the ampli’ American Instrument production is catching up with 
smitter. Th 

r any othe™m the needs of our armed forces—closing the gap be- 
mplificationgg tween too little and enough. Caring for those needs 


nsmitter, i has expanded Triplett production lines unbelievably 


ction of tha™ far beyond previous capacities. And the experiences 
except tha : 
mitter, ang’ Of war, added to more than forty years of instrument 








neat A ~=manufacturing, have bettered the products coming off 
9 s thi those lines, 
0 ancl ~Now—instruments—better than ever before—are ready | %& Greater Production | 
ry clemefi for general use. Better place your orders, at once, with Capacity 
smote point i F 
other tel Triplett—headquarters for a complete line of instru- We Bitter Tints 
= ments made to one fine standard of engineering. Quality 
nt D’Arsonval Moving Coil D.C. Instruments Electrodynamometer A.C.-D.C. mt 

us Double Iron Repulsion A.C. Instruments R.F. and Rectifier Types; Sizes 2” through 7” * Complete Line of 
a Instruments 
ict 
at *% One Source of Supply 
thi 3 
: * Prompt Deliveries 
ls 
7 % SEND YOUR ORDERS 
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OH MIT 


EXPERIENCE 
MAKES A 
DIFFERENCE 


You get the benefit of Ohmite experience 
in meeting the varied requirements of innumerable 
applications ...in pioneering new rheostat, 
resistor and tap switch developments . . . in 
producing the widest range of types and sizes 

to answer every control need. Add to this, the 
long service-record of Ohmite Units—their 
proved ability to function under the most severe 
operating Conditions. 


Such experience in resistance control is 
invaluable to engineers designing new devices 
to defeat the enemy or planning 
new products for the postwar era. 


Your Answer Book to Resistance Problems 
Write on company letterhead for 
helpful 96-page Industrial Catalog 
and Engineering Manual No. 40. 


OHMITE MANUFACTURING COMPANY 


Foremost Manufacturers of Power Rheostats, Resistors, Tap Switches 


4886 FLOURNOY STREET x CHICAGO 44, U.S.A. 








* 





Be Right with OHMITE 


RHEOSTATS ¢ RESISTORS © TAP SWITCHES 
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in Fig. 59; the stator windings are cdnnecte 




















Petha 
while the rotor windings are likewise connected t; decal 
to the exciting current as well. The alternatin ean 
field of the rotor induces currents in each of -he thre 
phases of the stator winding; the magnitudes of ‘hege all 
rents depend upon the position of the windi: relatiy, 

yg J-PHASE STATOR I 

ieee ROTOR a <9 & 

f a P 

a6 
Fig 59 
to the rotor. At the receiving unit, magnetic fo) are sa 
up, their magnitude depending upon the relativ: sition 
of the rotor and the stator windings. These forces act ; 
place the rotor of the receiving unit in a positi -“ 
to that of the transmitting unit; when the positions f th 
two rotors are alike the magnetic forces are balanced pe 
there is no further movement. The device is therefore ge; 
tive to phase difference more than to magnitude or fr. 
quency; the voltage of the exciting current ¢an var hy 
10% without introducing appreciable error. Th« vice ji 
not well suited to precision gaging, because, like the 

duction balance, the resistance encountered at the receiving 
element is transmitted back to the transmitter, and appear 
as a drag on the primary element. (In some application 
this is an advantage because it enables the operator ¢ 
“feel” the action of the device he is controlling.) Suc 
systems are extremely useful as indicating devices; perhap 
their most appealing use is in aircraft, where they are 
used to transmit position indications from all quarters of 
the ship to an instrument panel. They are actuated ther 


by all sorts of primary elements—they indicate 
of landing gears, amounts of fuel in gasoline tanks, 


WIPING ARM 


TWO CONTACTS 12CP APART 








Fic 60 








Another basic type of position-indicating device must bd 
listed here; it is the so-called “d-c. selsyn” which employs 
a resistance-type transmitter and a _ reluctance-type re 
ceiver, as shown in Fig. 60.125 The transmitting unit is 4 
resistance element distributed around an entire circle; the 
receiving element is a ring or Gramme-type winding als) 
distributed around an entire circle. The moving arm of t! 
resistance element causes a current pattern to be set wp 
in the interconnecting leads and the receiving unit; t 
currents flowing in the receiving unit set up a n 
pattern there which causes the magnetized pointer to as 
sume a position similar to that of the moving arm of the 
transmitter. This device is also a position indicator, but 
its action is not reversible. (Compare to Fig. 56.) 

Many other devices of this type are available, but, al: 
though their sphere of use is very wide, they hardly fai 
within the scope of a work dealing with gaging methods, 
and will not therefore be discussed. 





§9. MAGNETIC CIRCUITS 


In magnetic thickness (or quality) gages, and in eddy 
current methods of inspection, the operating principle & 
pends upon the establishment of magnetic or eddy-curret 


patterns within the material being examined. The criteria 
of quality then employed is the character of the pxttel, 
if it is uniform, the material is uniform; if its inte sit 
equal to that in a standard sample, then the mat 


like that of the standard sample. But for efficient 0] 
of these methods, the magnetic field patterns, or the eddy 
current patterns, must be established in a favorab!: mar 


Pp 


(125) C. F. Savage. Aircraft Instruments. General Ele 
wiew, Vol. 45, 1942, pages 495-498. 
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W. are interested in 


acquiring developed or | 
partially developed air- 
craft or marine prod- 

| 


ucts such as aircraft 
accessories, parts or in- 
struments of precision 
or semi-precision na- 
ture—requiring light 
machining — silver | 
soldering —assem- | 
bling. | 
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Prefer outright pur- 
chase or on the basis || 
of exclusive manufac- 
turing rights with | 
royalty. | 
2 | 


Not interested in un- 
developed ideas. 





Write giving full de- | 
tails which will be | 
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dence, 
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‘Vision Unlimited’”—an informative booklet that will 
stimulate the thinking of every 
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A section of SOMCO’s lens centering department 


N the heat of battle, when a man is singled out 
for leadership—for extraordinary performance—he de- 
serves the honor bestowed upon him. 

For many long years SOMCO optical equipment has 
been singled out for excellence, highest quality and accu- 
racy. This, too, is an honor well deserved. 

This preference for SOMCO equipment truly merits 
undisputed leadership — a leadership earned through 
years of applied research. 


SOMCO ENGINEERS ARE PIONEERS 
Look to SOMCO's wartime practice 
for your postwar opportunities. New meth- 





ods, new ideas, new products —born of 
SOMCO's war experience—will benefit the optical in- 
dustry in the days ahead. Keep posted on SOMCO de- 
velopments for your postwar planning. Consult with 
SOMCO about your present problems or future plans. 







DRAW TUBE TYPE 


7 
Spotting Scope 
20X draw tube, lens erecting spotting 
telescope, which has many practical 
uses in addition to its principal pur- 
pose which is for target practice on 
indoor and short outdoor ranges. 


SIMPSON OPTICAL MANUFACTURING CO. 


3200 WEST CARROLL AVE., CHICAGO 24, ILL 


PRISMS 


CAMERA LENSES ° 
SOUND OPTICAL SYSTEMS 
AND LENS COATING FOR LOW REFLECTION 


PROJECTION LENSES bd 
OPTICAL FLATS e 
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ner. Consideration must therefore be given to t! 
circuits employed in such methods. 

Perhaps the simplest of these magnetic circ 
of the plate-thickness gage of Fig. 44. Here ; 
magnetomotive force, represented in the figure as 4 permal 
nent magnet, is placed in a magnetic circuit wh contain 
two parallel magnetic paths, between which the tota] 4, 
divides in inverse proportion to their reluctance, Jp , 
of the plate-thickness gage of Fig. 44. Here :; 
of these paths is placed an instrument which measy;; 
flux passing through that path; in the othe) 
placed the material being examined. Fig. 61A 


eat SEE 


Fis 61 


— 
1S tha 


UrCe g 


i 

















— 





magnetic circuit, with the paths taken by the 
flux indicated by arrows. Fig. 61B shows its 
analogue. In the analogue, the source of energy is t 
tery, HZ; the paths through which the current flows 
sistors; the instrument is a current-sensitive in 
the magnetic reluctance of the specimen is repr 
the analogue by a resistance, Rx. In series with R 
resistances Ra and Rs. They represent the magn: 
tance of the two air-gaps which occur at the 
contact of the gaging device with the specime: 
circuit, if a change in Rx is to be indicated by an ind 
on the instrument G, it is necessary for accuracy that the 
resistances R, and Rs be kept small, and as nearly as pos 
sible constant. In the magnetic circuit, the employment of 
large areas and short air-gaps will accomplish the desire 
result. Over a certain range, then, the reluctance of the 
specimen will be indicated by the deflection of the flu: 
density meter. If the reluctance of the specimen grov 
small, there will be only a small proportion of the 
flux in the meter circuit, and the accuracy of th: 
will become small. 

In the thickness-measuring pick-ups depending 
reluctance of the specimen in an a-c.-excited magne 
cuit, exactly the same reasoning applies. It is 
reason that these devices often have pointed feet o1 
they are placed for operation, and why it is desirab! 
they be firmly pressed against the specimen. 

The use of the specimen, or a part of it, in a n 
circuit makes possible certain measurements by 
which do not require attachment to the specime: 
Measurements’ of the vibration of a machine part 
made by allowing the machine itself to act as the a 
in an element like those described here. If the meta! of the 
machine is non-magnetic, it can become part of an eddy- 
current element. Measurement of the vibration of turbine 
blades has been so accomplished;126 in these delicately: 
balanced devices it is not desirable to attach gage parts. In 
other applications the desirability may be more of com 
venience than necessity; in the measurement of eccentricity 
of a rotating shaft it is convenient to measure to the surface 
of the shaft rather than to risk attaching any part which 
might itself affect the eccentricity.*5 

The most useful and most interesting of the magnetit 
circuits are those encountered in the variable-reluctanc 
gaging elements, and in the gaging systems in which the 
magnetic circuit includes the specimen. Only a few can be 
considered here. 

The analysis of the magnetic circuit of Fig. 4° 
example, is simple. Here a magnetic field is establish 
by proper shaping of the pole-pieces is made uw! 
Within this magnetic field a coil is placed; as the 
moved it cuts some of the flux-lines and, through the 
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(126) A. V. Mershon. Vibration Recorder for Electrically Mea* 
uring and Recording Small Mechanical Movements. Tra? tions 
American Institute of Electrical Engineers, Vol. 45, 192 iges 
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\ccuracy is a prime factor in moisture testing . . . and the ‘ahaa. 
—w— Sicinlite one minute moisture tester is consistently accurate. It is Moisture Tester 
8 built by a pioneer staff of radio engineers . . . operates on the 

“ae radio frequency impedance principle . . . and is calibrated against 
e the official method for each product. The fact that more Steinlites 

are in use than all other makes of electrically operated moisture 

testers indicates that industry recognizes the accuracy of the 
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UNIVERSAL produces three types of microphones for the 
Army Signal Corps. These units represent but a small portion 
of the skill and experience that has produced more than 250 
different types and models in times of peace. 
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Microphones of tomorrow will embody the latest in engineer- 
ing design and achievement. They will be available for factory 
inter-communications; for every conceivable radio use on 
land, air and sea; and for manufacturers who assemble units 
of which microphones are component parts. 
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VALPEY... 


CRYSTAL CORPORATION 
e for ® 
QUARTZ 
OPTICAL SPECIALTIES 





Supplying the Armed Forces is our job. The follow- 
ing improved high-quality products are available 
for advanced delivery dates to the instrument man- 
ufacturer, to help facilitate this war effort. 


@ Babinet Compensators: the device to be used 
in measuring the quantity and quality of strain 
in glass and for measuring types of polarized 
light. 


® Retardation Plates: thin quartz plates for pro- 
ducing phase differences of the various wave 
lengths of light. 


@ Polished Crystals: special quartz crystals for 
supersonic applications. 


®@ Bertrand Plate: a split phase quartz plate for 
more accurate determination of plane of the 
optical axis and the x-axis than can be accom- 
plished with a single polariscope. 


Look ahead ... but look to VALPEY for 
crystals and specialties in quartz fabrication. 


See us first when problems arise in the use of quartz. Our facilities, 
geared to war, will be equally well geared for peace. Our business 
is to apply the correct solution to your problem . . . just send us 
specifications and requirements. 
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of electromagnetic induction, a voltage is ind 1 int 
coil, and a current flows through the circuit o: vhich ¢ 
coil is a part. The voltage is proportional to ‘):. rate ; 
which the flux lines are cut—to the velocity of motig 
The device is relatively efficient; most of the e: BY intrg 
duced mechanically appears as electric energy in the qj 
This instrument is used to convert mechanical energy 
electrical—as a detector of acoustic waves, as a picky 
for vibrations,127,128 as a device for detecting the rougl 
ness of a surface,!*® or for any other application in whis 
a velocity over a small distance is to be measured, () 



































can convert electric energy to mechanical—in its use gg 
loudspeaker, or a unit for vibrating specimens in thg 
testing.1°5,139 But its response in all cases is one , 
velocity. 


The moving armature form of the reluctance-type pick, 
employs an iron armature which is so mounted that # 
motion changes the reluctance of the magnetic circuit wil 
in the device. Since a coil surrounds a portion of th 
magnetic circuit, any change in flux through the coi] 
induce a voltage—it is, again, proportional to the rate 























































change of flux, or to the velocity of the motion. In 4 
same manner as indicated in Fig. 2C, the sensitivity of ¢ 
device will vary if the air-gap is changed, growing less, 





the air-gap becomes greater. 

The push-pull form of this pick-up employs two mag 
netic circuits; the reluctance of one is decreased as thg 
of the other is increased. When the armature is in jj 
central position there is no effective magnetic flux throug 
it, since the fields of the two magnets counteract there, By 
as the armature moves, one field will predominate as th 
reluctance of one circuit is decreased; the result is that ¢] 
magnetic flux through the armature, and the voltage j 
duced in the coil, will vary in direction and in magnitud 
with the motion of the armature. Over a portion of t 
range of available motion of the armature, the sensitivit 
will not vary with the armature position; the result is tha 
the mechanical motion is faithfully represented by the in 
duced voltage. Because of this, the device is capable 
measuring vibratory stresses without being disturbed } 
the slowly-acting strains due to temperature changes. | 
certain applications—as in the study of propeller vibratia 
—this is a most useful ability. The form of Fig. 42D i 
similar to that of Fig. 42C except that it is mechanical] 
suited to rotatory displacements. 


In the device illustrated in Fig. 483A similar reasoni 
can be applied; in this pick-up rotary motion, howeve 
will cause no change in the reluctance of the magnetic ¢i 
cuit, while radial displacement will cause such a change 
In balancing small motors, therefore, the exact rate d 
rotation is immaterial, so long as it is high. Further, 
angular position of the unbalance can be detected by a 
justment of the device to maximum output. Since nothiy 
is attached to the rotor, there is no increase of unbalance 


Gaging elements in which current is induced in a pla 
or mass of metal, instead of in a coil, are called eddy . 
current types, because the currents circulate through th 
plate without being confined to any definite path by th 
shape of the conducting material. In these units there is 
considerable loss of energy as heat; the efficiency is low. 


In the element of Fig. 43B, for example, a moving plat 
in a magnetic field has voltage induced within it, in co 
formity with the law of magnetic induction. Because 0 
the presence of the voltage, current will flow, and thi 
current produces a magnetic field just as would any other 
The induced voltage depends upon the strength of th 
magnetic field and the velocity of motion; the resulting 
eddy current depends also upon the resistance of the mé 
terial of the moving plate. And the voltage induced in th 


(127) F. C. Rushing. A Rapid Method for Determining 4! 
Correcting Unbalance. Instruments, Vol. 8, 1935, pages 223-2 
(128) R. P. Kroon. Mechanical Tests on Turbine Blade: 

ments, Vol. 8, 1936, pages 154-155, 159. 

(129) E. G. Abbott. The Profilometer. Mechanical En; 
Vol. 60, 1938, pages 205-216. , 
(130) Forrest Dorman, Electronic Vibration Tester. Rado 
(Radio-Electronic Engineering), Vol. 2, June 1944, pag 

45, 46. 
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body and tube to be disconnected 
from the head—the tube cleaned 
with a brush furnished or tube re- 
placed, and the instrument reas- 
sembled without disconnecting the 


portion of t head section from the piping. Send 
the si nsitivit for Bulletin No. 1. 

2 result is tha 

ik bs rh J The Model A-204 Manometer for line 


pressures up to 400 Ibs. per sq. in. 
These instruments are built with 
heavy walled annealed straight 
Pyrex tubes, gland packed top and 
bottom in steel end blocks and 
clamped to the body at fixed inter- 
vals to prevent distortion. Bulletin 
No. 10 gives complete details. 


WELL-TYPE MANOMETERS 


Direct reading Manometers for 
line pressures up to 250 Ibs. per 
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. sq. in.—of standard construction, 
Further, | available in both wall and flush 
tected by aM Sound, conservative 3. Trained production front panel mounting designs in 
Since nothin santaadibe chat Re ranges from 6” to 100”. Ask for 
of unbalanced g g Be: Bulletin B. 

ed in a plate. Established precision 4, 15-year performance S 

through then you specify Oster Fractional Horsepower Motors, you bs This Sight Feed Bubbler with bowl 
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of Pyrex glass is good for line 
pressures up to 50 lbs. per sq. in.; 
of plastic, for pressures up to 100 
Ibs. Scurdily built in brass or semi- 
steel construction. Needle valve 
controls bubbler rate. Ask for 


path by th ow that you are dealing with a seasoned, dependable source 
its there is experienced for 15 years in building motors. 

ney is low. Illustrated below is Type C-2B-1A, 1/100 H.P. model devel- 
moving platq@mpPed for aircraft use and adaptable to blower applications. It’s 
in it. in commedpped with ball-bearings and built in an aluminum die-cast 
using; 6, 12, 24, or 115 volts D.C., 115 volts A.C. 
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IRC WILL BE R 


with TYPE BW INSULATED 
WIRE WOUND RESISTORS 


At the first indication of lessened war demand, IRC will 
be in an excellent position to supply industry's require- 
ments for resistors of all types. 
Ample quantities and favorable 
prices are assured through opera- 
tion ana mass production basis of 
the world's largest resistor plants. 





INTERNATIONAL RESISTANCE CO. 


401 N. BROAD ST., PHILADELPHIA &, PA. 


IRC makes more types of resistance units, in more shapes, for 


more applications, than any other manufacturer in the world. 








Product 
Performance 


For insertion in a closed liquid or 
Vo" 


standard pipe thread this Thermo- 


gas system by means of a 
switch is favored for its facility in 
attaching many types of fittings in- 
cluding explosion-proof. As a limit 
or control for compressors, engines, 


electric or steam heated platens, etc., 4 = 
these Thermostatic switches are un- tH s 
surpassed. F 95 : 
* o3 
With +£1/10° sensitivity and a ES 
range from minus 100° to plus ve 
600° F. the Thermoswitch is today’s ; tod . 
most efficient heat (and cold) con- $3 
trol. Rated 10a. 115y. ies | 
Write for new Catalog 
The Coupling Head Thermoswitch 





INCORPORATED 


G@ PLEASANT ST., ASHLAND, MASSACHUSETTS 
A SLL TELLERS LEE EET LIE ALLELE BIA LL 


Page 422—Instruments—Vol. 17 








pick-up coi] depends upon the rate of change 





current, or upon the acceleration of the plate. ~— 

If, instead of a metallic member, a conduct liquid 4 
caused to move through the magnetic field, a tage vi OF 
also be induced, and if appropriate electrodes 4: prese 
this voltage will be measured; it is possible to sure th 
velocity of flow in this manner.!31 Indeed, for 1 study d 


velocity in small areas of turbulent flow, thi: 
almost the only one possible. 

The eddy currents induced in the plate of F 
pend upon the strength of the field and the velocity , 
motion. They depend also upon the resistance the m 
terial of the plate—in accordance with Ohm’s law, so 
if a portion of the plate were of a different ; 
were thinner, its resistance would be higher, ani the mp 
nitude of the current would be less; the indicated accele 
tion would of course be less, too. If the velocity were knoy 
then, the apparent change in acceleration would repregg 
a change in the characteristics of the material. It is on ¢ 
basis that the eddy-current methods of material inspectig 
operate. 

In the example described, two elements were 
magnetic field of constant intensity, and a constant velogj 
Both are necessary, to provide the rate-of-change agctig 
But both can be supplied in one action, if the magnet 
field is changing at a known rate; an a-c. magnetic fie 
will induce in the material eddy currents proportional , 
the resistance of the material, and a small pick-up coil wj 
have induced in it a voltage inversely proportional to t 
resistance. 

The methods in use employ both systems; some empl 
steady excitation and a moving measuring element, ap 
some employ alternating excitation and stationary (o 
moving) measuring elements. A method of inspectiy 
welded seams, for example, consists of weakly magnetizin 
the material, then passing over the seam a smal! pick-vind 
coil within which a soft iron armature rotates.13? 
output of the pick-up is constant until a discontinuity j 
encountered. 

Since it is always the change in magnetic flux passing 
through a coil which induces current within that coil, 
obvious method for inspecting metallic sheets, for example 
consists of passing through the sheet from edge to edg 
a current of electricity, and passing over the sheet a pick-t 
coil. When any discontinuity in the sheet current is a 
countered there will be an indication in the output curren 
of the pick-up. A widely-used method of inspecting rai 


1ethod j 

























43B de 


t} 
erial, | 


resent 


P 


road rail in situ consists of passing a heavy curren 7 
through a section of rail under the test car, and scanni {3 
the rail with pick-up coils.13% The current is introduc@ -¢ 

ry 


through brush contacts, and so is not constant; the vari t 
tions in exciting current are prevented from affecting th 
output by the use of a series-opposition circuit in th 
pick-up head. Only differences between the two parts 0 
the pick-up structure are indicated. 
Discontinuities in the magnetic pattern set 
metallic part can be detected by applying a magnetic pov 
der to the surface; it will tend to collect at discontinuiti 
There are many excellent methods of making ex 
tions of material through magnetie or electric ! 
they are based upon the principles outlined here. 
The elementary principle of recording the puls« 






rent produced when a permanent magnet passes ne: 

coil of wire has been put to use in several measurill 

methods. As illustrations, these may be cited: the measul@itury, 

ment of speed of a runner,!34 the measurement of spee@§ grou 

of an airplane being propelled from a catapult |aunchingty s 
th cura. 


device,135 and as a tachometric device. In the latter, 4 


(131) A. Kolin, Electromagnetic Velometry. Journal « 
Physics, Vol. 15, 1944, pages 150-164, 

(132) R. Berthold. Non-Destructive Testing Based on \! genet 
and Electrical Principles. Civil Engineering (London), V0l. ° 
1939, pages 29-33. 

(183) E. A. Sperry. Inductive Tests of Rails and Cables. 77 
actions American Society of Steel Treating, Vol. 16, 19 page 
771-798. 

(134) A. V. Hill. Are Athletes Machines? Scientific 4 er 
Vol. 137, 1927, pages 124-126. 

(135) [General Electric Company.} Speed Indicator f¢ 
Aircraft Catapults. Instruments, Vol. 13, 1940, page 326 
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Some ‘ing New Has Beer Added 
to HEIGHT Gaces 


its a— 


gz | A. | Fine 
. . | Adjustment 
and a Feperal 


TESTMASTER 


No more “tapping”’ is 
necessary when you set 
the Indicator to the gage 
blocks or master to the 
required measurement 
The fine adjustment 
of the Indicator Bracket 

tion 





Bracket can be set any- 
where on the upright. 


yen, 1, m 
no f g. Just set to gage blocks or master 
and check. Write for further details to — 


FEDERAL PRODUCTS CORP. 


1144 EDOY STREET, PROVIDENCE 1, RHODE ISLAND 


++ *FEDERAL: -: - - 


PRECIStON MEASURING INSTRUMENTS 


NORTON (N) INSTRUMENTS 








Calibrated for your exact needs 


"Because Norton dials are hand 
calibrated and hand drawn, they 
are accurate at every part of 
the scale." 


NORTON VOLTMETERS 


are built in the careful, 
painstaking manner which 
has characterized Norton 
construction for a half cen- 
tury. Hardened, hand- 
ground pivots, supported 
by sapphire jewels for ac- 
curacy 


NORTONS « 
ELEOTMEAL INGTROMENT Oo. 
oho 4% 5 TER CORR. LA 


Recognized for their extreme accuracy and reliability, 
Bpproved by leading switchboard builders, public utili- 
ties, electrical repair shops, marine builders, electro- 
platers, and laboratories. Send for our new catalog. 


NORTON Electrical Instrument Co. 


83 HILLIARD ST., MANCHESTER, CONNECTICUT 


OVER-SPEED 
PROTECTION 


INTERNAL COMBUSTION ENGINES 
DYNAMOMETERS 

TURBINES 

GRINDING WHEEL TEST 


CONTROL UNIT 


OVER-SPEED CUTOUT 
AND 6” SG TACHOMETER 


MODEL SG 6” RT 
GENERATOR 


For limiting speed, or operating controls at predetermined 
speeds on rotating equipment... 

A combination of an accurate electrical drive 6” dial tach- 
ometer and adjustable over-speed cutout. 

Cutout closes or opens an electrical circuit (or circuits) at a 
preselected speed. After tripping it must be manually reset 


before circuit can be restored. 
Accuracy: Tachometer + 10 RPM for range 200 — 3500 
Cutout + 50 RPM for range 2000 — 3500 


Adjustment: Cutout speeds selected on dial graduated 
each 100 RPM 


Cutout can be mounted within chrono-tachometer case or as 


separate unit as desired. 


Write I-24 


THE STANDARD 
ELECTRIC TIME CO. 


“Split-Second Veasurement by Standard” 


SPRINGFIELD 2, MASSACHUSETTS 
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pulses were produced by an inductor-type a- renerat 
: ONAN a a 
and passed through a transformer with an ea saturat 
core;1°6 each pulse was by that means made eee, 
: he say 
shape and size as every other pulse, and it ce 
y : POSS] 
to count the pulses to arrive at a determine ‘ion of, 
rotatory speed. 7 
(136) [General Electric Company.] Electric T ete 
struments, Vol. 8, 1935, page 217. 
Electron Tube Principles 
Continued from page 397 
foregoing paragraphs is a special form of cold- de ty 
but its principle is not greatly different from small 
tubes first referred to. : 
Smaller tubes are also used for the production of jim ™” 
In the early development of television cold- de elm om 
tubes were used as a source of modulated light. The jy wei 
mination which these tubes produce is directly proportip we 
to the current and their response to changes in current fl wor 
extremely rapid. Modern television systems use cathy pos 
ray tubes to form the received image and so the glow ty] R 
are no longer used for this purpose but they have oth. 
applications. wi 
; inst 
A simple type of cold-cathode tube used for the proj 





tion of modulated light is shown in Fig. 146. This yj 

does not show the glass envelope but, as will be noted, ‘ 
consists merely of two parallel plane electrodes, placed 
close together that the discharge takes place between t 
outer surfaces rather than the inner ones. Hence, jf ¢ 
spacing is correct the outer surface of the cathode wil] 
uniformly covered with glow. 


Wien designing a line of circuit 


breakers having a wide range of cur- 








rent ratings, selection of the proper type 


Chace Thermostatic Bimetal will en- 

















MICA CATHODE C) 
! able you to use one size and shape of ANODE, ANODE eiawen 
7 CATHOD 
bimetal element for the full range of —<—a 
‘ ALASS 
circuit breakers so designed. g | 
By following this practice, one size of a 
. ° ° ° Fig. 146. Simple ] Fig. 148 M 
circuit breaker will meet a wide range sa te Sepang ttf ot Xe ct od 
cathode tube used for Fig. 147. Cross-section tube use 
: a the production of of a crater type glow ing mod 
of current demands, provide maximum light. tube. for soun 
Fike ™ . : Another type of glow tube is shown in Fig. 147. This 
flexibility im manufacturing control, called the crater tube. The cathode is a solid cylin . 
fits within a.thin cylindrical anode and is separ: : 
and reduce your production cost. the latter by a mica barrier. The end of the cat! 
cone-shaped crater. The discharge takes place bet 
outside of the anode and the cone-shaped crater. The hig Tel 
current density at the center of the crater results 1 c 
Send us detailed information for con- concentrated source of light. \ 
It should be obvious from what has been said regarding } 
fidential recommendations regarding the action of the glow tubes that such tubes used in ™ 
production of modulated light shoula be operated t! , 
the most efficient type of thermostatic the voltage across the tube will never fall below the pom’, 
; at which the are goes out. If the voltage falls below tM op, 
Diesceal element to use in Your over are extinction potential, the tube goes out and reigniti 
: will not occur until the voltage has risen to the gmt 


potential which is always higher than the extinction 

tential. Such interruptions in illumination would result! 

distortion. 

mal control devices. One of the important uses of glow tubes is to supply ¥ 
modulated light source for sound recording on motion pt ' 
ture film. It is evident that the light intensity in tis CMM 5 
will have to follow accurately the variations in sound ! 
tensity. A modified form of cold-cathode glow tube ¢ 
veloped for this application uses a hot filament as a ath 
with a plate anode. The hot filament furnishes wes 


source of electrons which reduces the voltage drop '1t 


Thermostatic Bimetals and rial Alloys not furnish enough electrons to produce an are. Th's fom 
1600 BEARD AVE + DETROIT 9, MICH. ® of lamp is shown in Fig. 148. 


load circuit breakers and other ther- 
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ost War 
Hlocx Movements 


CHELSEA 





Our production of special clock 
movements and clockwork mechan- 
sms for recording instruments must 


wait until this war is won. Meanwhile, 
we would welcome the opportunity of | 
working with you in developing your 
postwar designs. 

Remember, Chelsea has been mak- 
ing special movements for recording 


instruments for many years. 


bi pee "Bead 


Today 





iii 


CLOCK COMPANY 
w EVERETT AVE., CHELSEA 50, MASS. 
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THERMOMETERS 











No. Al — No. M81110 
Industrial Dial 


No. M82115 
Recording 





TEMPERATURE CONTROLLERS 


ib 





No. 90000 No. V85002 No. M87000 
Self. Air-Operated Air-Operated 
Operating Non-Indicating Type Recording 











PRESSURE GAUGES 





No. 800 
Steel Case 


No. 600 
fron Case 


Write for Catalog 101-G 


H.0.TRERICE Co. 


Monvfocturers of Temperature Instruments 
1420 W. LAFAYETTE BLVD. 
DETROIT 16, MICHIGAN 


No. 730 
Hydraulic 











FAST 


DELIVERIES P 


TYPES UP 
TO 30 KV 
30,000 VOLTS 


Shallcross Portable 
KILOVOLTMETERS 





Other Shallcross High- 
Voltage Equipment 


Kilovoltmeter 
Multipliers 
Corona-protected 
High-Voltage 
Resistors 
Special Apparatus 
for Any High-Voltage 
Measuring 
Requirement 


Write For Details 











Now available for rapid delivery, Shall- 
cross Kilovoltmeters are produced in a 
complete line for the measurement of the 
high potentials encountered in radio trans- 
mitters, radar, television equipment, X-ray 
systems, dust precipitators, and similar 
high-voltage equipment. Ruggedly con- 
structed, yet light in weight, the instru- 
ments are suitable for either laboratory or 
field work, and are entirely safe in opera- 
tion. Full scale accuracy on a typical 1,000 
ohms-per-volt Shallcross D. C. Kilovolt- 
meter is + 2%. The accurate fixed wire 
wound resistors are closely calibrated and 
properly aged. Corona protected resistors 
can be supplied for measurements up to 
200 KV. 

In addition to its standard line, Shallcross 
likewise produces regularly a wide variety 
of “‘tailor-made”’ Kilovoltmeters and high 
voltage Meter Multipliers to match indi- 
vidual requirements. Write for details or 
engineering recommendations. 


SHALLCROSS MFG. CO. 


iS-74 , COLLINGDALE, PA. 


ENGINEERING” 


DESIGNING - 


MANUFACTURING 
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In using modulated light tubes, it usually is 
| supply them with power from an electron-tu} 
| The simplest way is to connect the tube direc 
| plate circuit of the power amplifier tube ag sh. 


CSSary 
implifie 
Into th 
1 in Fig 
AMPLIFIER 

TUBE 


2 {2 a 


Fig. 149. Amplifier supplying a glow tube. 





149. A resistance should be placed in series wit 
| tube as shown. 
An interesting and very useful application 
| cathode glow tube is that of a relaxation oscillat 
ple circuit is shown in Fig. 150. A glow tube shunt 
| capacitor C is connected to a d-c. power supply + 


a 











SWITCH 


Fig. 150. Simple relaxation oscillator circuit. 


| high resistance R. Assume that the capacitor i 
uncharged when the switch is closed, The capacitor charg 
through the high resistance, the voltage rising exponer 


Soeert according to the following equation: 
DIAMOND Be = Eu (heim) 


THERMOMETERS + THERMOSTATS + RELAYS When the capacitor voltage EF. equals the breakdow 

THERMO-REGULATORS - HYDROMETERS | of the glow tube, Fa, the capacitor will discharg: 

: the tube. Since the resistance and the inductance 
conductors between the capacitor and the tube is | 

| discharge current is high. When the potential ac 
condenser falls below the extinction potential EF 
tube, the discharge ceases. Since the discharge cu 

high the discharge time is extremely small. Once 1 

| goes out, the capacitor immediately begins to 

| When the potential across the capacitor again reac] 

| discharge value E., the tube breaks down and the proces 

| repeats itself. The process therefore is self-sustai: 





{ BATTERY VOLTAGE Ey, 





é 


CONDENSER VOLTAGE 








% TIME 


Fig. 151. Graph showing the character of the oscillation 
duced by the relaxation oscillator circuit. 


results in a series of oscillations that have the c! 
of those shown in Fig. 151. The frequency of the os 
| depends almost entirely upon the time taken to charge th 
| capacitor through the resistance R from the extinc 
| tential to the ignition potential. This time increa 
the difference between these two potentials and \ 
; RE “Ror capacitance C and the resistance R. It decreases 
or ry ere Ae CIrn- ir i crease of applied voltage. The wave shape also dep: 
e Ny Ta (i RA Nes eiene \V WIULe: *as applied voltage. Using the 874 tube previously ref: 
AOE AA EE A BS lal Daf Be: (for which Ea equals 125 volts and E. 90 volts) ar! 
“an ogh ENR a RNS a a 600-volt d-c. supply, the wave shape is as shown 
sae ~ = 152(A), a rectangular saw-tooth wave. If this tube 


¢ 
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Ipply through 
; a miscounts and 
ae roduction relies © . 
a : “bylls” are bound to sarap are 
) oe tion schedules... until mistakes © 
) produc 10 ‘nute operating 
rT de impossible by up-to-the-minute OP ee 
i i vst fit your war-production ino ; : “ 
records. tin evi eee | : 
: pl cesses with dao nieligi Dis improve Photo courtesy Kellog Switchboard and Supply Co. 
cuit, an - eee 
avoid delays, shortages Gnv' = as- 
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a. DER-ROOT OSIN-CORE SOL 
8S 
ae 
VEEDER-1 ROSIN RE DER 
22 HARTFORD, CONN. | : ; ; 
@ In the assembly of electrical equipment, the life of the 
— nT apparatus often depends upon using the right solder and 
m Be py ee ar eee flux. Not only must the solder alloy be of high quality but 
» gpm cae : the flux must be non-corrosive and non-conductive. 
> 1S 1OW, th 
tial across th 2 |  @ Kester engineering research has developed a rosin-core 
tial F. of tl Help Increase Production | solder that meets these requirements. It is recommended 
rge current j use the | for all types of electrical work. The patented, plastic rosin 
Once the tu flux is self-contained in the core of the solder. Work is faster 



























, to rechargg SWEDISH because flux and solder are applied in one simple operation. 
in reaches th Connections are made permanently tight—withstanding 
nd the procy INTERNAL shock, vibration or bending. Flux is non-conductive, non- 
sustaining ang INDICATOR corrosive, and non-injurious to insulating material. It will 

GAGE not lose its fluxing power even under temperature extremes, 









| @® Kester Rosin-Core Solder is available in a wide range of 
| 








































sil It can be set to 
any required core and strand sizes. Consult Kester engineers freely, with- 
size direct from out obligation, on any electrical soldering problem. 
a Johansson Gage 
im blocks or mas- a = WET 
ter ring. yy BUY WAR BONDS 3x Finest Duality 
KESTER SOLDER COMPANY 
4216 Wrightwood Ave., Chicago 39, IIl. 
Eastern Plant: Newark, N.J. 
il his light, easily handled instrument when used ‘Canadian Plant: Brantford, Ont. \ KESTER soLDER_/) 
ations pro- . . 7 
by machine operators, or on final inspection, serves TIN ORDER AMENDED. For the present, if you re- 







quire solder of more than 20% tin content, certify 
use on Kester orders; under WPB Order M-43 as 
amended November 3, 1943. Priorities Preference 


0 increase production, reduce scrap and assure a 
the charactemmore uniform product. It is a reliable, precision 
e osc!'atio“gndicator designed for rapid, convenient and accu- 
9 Z Z ate measurement of internal diameters. The scale 
creases wite28¢ is: Plus or minus 0.001” graduated to 0.0001” 


nd wth the "d minus 0.200” graduated to 0.0001”. 


, Ratings now govern only the scheduling of deliveries, 
ses th in 


» depends of Write for Literature 
efor eZ es Le 
S) and wit | 


wena, «= SWEDISH GAGE CO.,OF AMERICA STANDARD FOR INDUSTRY 


tube used = 8900 ALPINE AVE.. DETROIT 4, MICH. 
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INDUSTRIAL TELESCOPES 


White for 
oun Qooklee 










“Precision Instruments for 
the Exacting Inspection of 
Internal Surfaces.” 


For prompt action and our recom- 
mendations, include drawing of 










Ca; , 
‘Ss S part to be inspected, or preferably 
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the part itself. 













Industrial Division 


AMERICAN CYSTOSCOPE MAKERS, Inc. 


FREDERICK C. WAPPLER, Pres. 
1241 Lafayette Ave (Bronx) New York, ULS.A. 



























A portable instrument 
for accurately measur- 
ing gas pressures, check- 
ing static springs and 
other purposes where an 
accurate Dead Weight 
Gauge is required. 


Standard Type is avail- 
able in several ranges 
for capacities 5 to 
1000 P.S.I. 


HighPressure Type 
available in several 
ranges for capaci- 
ties 50 to 5000 P.S.I. 








THE REFINERY SUPPLY CO. 


- ———— Main ( > ond Plant 


E. 4th Street peti Sy Wael ae. fer Ph. 4-8144, L.D. 58) 
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(A) 











(8) 


Fig. 152. Types of waves produced by 874 tube in 
oscillator circuits. 







with a 135-volt supply, however, a curved saw 
such as in Fig. 152(B) results. 






Such relaxation oscillators have a wide ranve 
quencies. They can be designed to produce fr 
low as 1 cycle every 5 or 10 minutes or as hi; 
cycles per second. The latter is in the neighbo: 
upper limit and is obtained usually without a 
the electrodes and connecting leads providing tl 
capacitance. 

Theoretically the lower limit of frequencies | 
these oscillators depends largely upon the us 
enough capacitors but practically difficulties are encoy 
tered when working with very low frequencies (say | 
in 15 min.) because of capacitor leakage. Another fae 
also enters in; because the ignition and breakdo 
tubes are dependent upon the presence of some initial jg 
the oscillations at low frequencies tend to be irregular y 
less provision is made to supply a steady source of init 


ions. Quite often a small amount of light directed again 


of ¢ 
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od of { 
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Necesgg 
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the cathode will result in sufficient photoelectrons to gj 
stable operation. The presence of radioactive material 4) 
stimulates stable operation. In the absence of light or radi 


active material, the initial ionization is probab! 
by cosmic rays and in this case ionization woulc not |} 
constant. 

Relaxaton oscillators can be locked into step with fr 
quencies equal to or very nearly equal to the oscillat 


R 
= | ¢ 
oa | IE CONTROL 
VOLTAGE 


Fig. 153. Circuit showing 
with another frequency. 



























relaxation oscillator locked in step 


to some harmonic or sub-harmonic of that frequency. 
this is done the control voltage is usually supplied throug 
a transformer in series with the terminal of the glow tul 
that is not connected to the resistance. A voltage-dividiy 
resistor serves to adjust the control voltage applied to th 
tube as shown in Fig. 153. 

Theoretically a true triangular saw-tooth wave, such 3 
shown in Fig. 152(A) cannot be obtained from a simpl 
circuit such as that shown in Fig. 150. Actually the hypo 


~ a8 be 


Fig. 154. Circuit using a pentode to supply linear voltage to a 
relaxation oscillator. 




















enuse of the triangle in 152(A) is slightly curbed becaus 
the capacitor charging voltage rises exponentially as show 
in Fig. 151. For most practical purposes the slight curva 
ture of the hypotenuse is of no importance but if a tr 
triangular saw-tooth wave is needed it can be obtained b) 
circuits which provide a linear charging voltag: 
circuits can be designed by the use of a high-vacuun 
with a positive grid voltage and low filament tem) 
or better still by the use of a pentode. A circuit 
type is shown in Fig. 154. The plate current of the | 
is practically independent of the plate voltage over 
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.. the contact pyrometer for quick accurate 


This convenient, all-purpose surface temperature pyrom- 
eter is ideally suited to a variety ofindustrial plant needs. 
Accurate temperature readings are obtained in a few 
seconds of plastic materials, liquids, oils, and similar 
materials, and of flat or curved, stationary or moving 
surfaces. 

The Pyrocon shock-resisting movement is used with 
any one of eleven types of thermocouples, interchange- 
able without adjustment or re-calibration. Choice of 
rigid or flexible arms, or both, instantly interchangeable. 


Built in several standard ranges, 0-300 deg. F. to 0-1200 
deg. F. Write for Bulletin 3511 giving complete description. 
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MARINE SPECIALTIES ETC., ETC. 


77 Years of 
DEPENDABILITY 


The lasting accuracy, ruggedness and other 
distinctive features of Moeller instruments 
are the resulf of the thoroughly precise 
and honest way they are engineered. 


MOELLER MERCURY THERMOMETERS 


Extreme Precision 
mercury thermometers 


Grade: Solid glass 
(nitrogen filled) for 


etched stem, 
determining 


temperatures within a fractional part of a degree. 


Standard Thermometers: 


Provide laboratory accuracy 


combined with sturdiness. Made of highest grade glass and 


materials. 


Mercury filled, 


calibrated for total or partial 


immersion. Types with “Moeller Glass Red Reading Column” 
afford optimum ease in reading. 


Industrial Thermometers: 


High accuracy is easy to 


read under plant conditions because of "Moeller Glass Red 


Reading Column". 


Prevents eye-strain. 


V-sha 


pe case with 


glass front furnished in wide variety of forms such as: 


Straight Stem (see illustration above), 
Handle-Top Thermometers for use in food processing, gal- 


vanizing, etc., etc. 


Separable Sockets, 


Thermometer Test Wells—machined from 
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Wizard Electric Counters 
grouped on a panel, 











Wonderful improvements in production 
control efficiency with important savings in 
time and materials are effected thru flex- 
ibility of application afforded by Wizard 


Electric Counters. 


Wizards count anything that will actuate 
a switch, relay or photo-electric unit. They 
may be installed at any distance from the 


source of count. 


A panel of Wizards can be arranged to give @ con- 
tinuous, up-to-the-second count on varied operations 
thruout the plant. Every production man should have 
complete information, Catalog on request, 


mpan Y 


Manvfacturers of Counting, Timing and Recording Devices 


























Extension Necks, etc., etc., 
solid bar stock. 


DIAL and RECORDING 
THERMOMETERS 


Angle Form Types, 


available. 


Made to strictest standards of pre- 


cision, these mercury 


filled instru- 


ments are calibrated for ranges up 
to 1000°F. or equivalent. Square and 


round cases available. 


Phenolite cases. 


Metal and 


Write for catalog 








MOELLER == 
INSTRUMENT COMPARY 


{32nd STREET and 89th AVENUE 


RICHMOND HILL 





NEW YORK 


Sales Representatives in Principal Cities 
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THOSE WHO CANT AFFORD TO MAKE 
ERRORS /N MEASURING VALUABLE 


D. t:; 
hy. 


LIQUIDOMETER Zin ac 


“THEYRE ALWAYS DEPENDABLE 
100% automatic. 
No pumps, valves, or auxiliary units needed 
to read them. 
Models for either remote or direct readings. 
Accuracy unaffected by specific gravity of 
tank liquid. 
Approved by Underwriters’ Laboratories for 
gauging hazardous liquids. 

Write for complete details 


THE LIAUIDOM ETER corp. 


36-27 SKILLMAN AVE. LONG ISLAND CITY, N. Y. 


























MEISE BOURDON TUBE 
LABORATORIES 


EVERY DAY we are shipping these precision pres. 
sure gauges to be used in place of dead weight 
testers. They are accurate, dependable and easy 
to read. Delivery—2 to 6 weeks. 





RANGE FROM 0-60 Ibs. to 0-10,000 Ibs 
12” Dial 144.00 





ee EWI ‘CONNECTION 


IN COLLABORATION WITH THE A. H. EMERY COMPANY 








range of voltage and at the very small currents (milli- 
amperes) required for charging the capacitor, a practically 
straight-line voltage curve is obtained. 

It is not feasible here to show in detail all the types of 
applications of glow tubes, but enough has been presented 
here to indicate their general application. They are proving 





From what has been written here, it will be evident tha 
cold-cathode tubes comprise a wide variety of forms, size 
and uses. As light sources they vary all the way 
long tubular neon sign lamps used to light up our cities t 
the tenth-of-a-watt test lamp used for circuit testing 
control devices they are very flexible, require little or nd 


rrom thé 


COLD CATHODE TUBE 
A:ANODE C:CATHOOE 


















































POLARIZING C.T. 


Fig. 155. Glow tubes used in directional ground relay. ae te | G= GRID 
> AUX RELAY AND 
PHASE RELAYS Rs ww ; OPERATIOW INDICATOR 
Ro \— > 
R TRIP 
Lg T E 5 circuit 
an 54 ‘ 
Tt + 1250R 250¥ 
\ sea BATTERY 
MAIN CT. VIN 
3 WINDING TRANSFORMER RESET P.B.OR BREAKER \ 
“gq” SWITCH 


more useful as time goes on and in recent years they have 
been applied in many commercial circuits. A recent appli- 
cation* is shown in Fig. 155. This circuit shows the con- 
nections for a directional ground relay, which operates on 
the sum of the residual currents from the main and polar- 
izing transformers. If the currents from the main and 
polarizing transformers are of the same instantaneous 
polarity, the two resulting secondary potentials will be 
additive and the relay will operate on the sum of the two 
potentials, but, if of opposite instantaneous polarity, the 
two potentials will be subtractive and the difference will not 
be sufficient to operate the relay. 





*E. C. Schurch. Cold-cathode Tubes Used on Relays. Electrical 
World, Mar. 20, 1943. 
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care and are highly reliable. They do not take the plac 
of thermionic tubes but in combination with thermiomit 
tubes they extend their use. They are extremely usc ful and 
interesting devices. 








To be continued 
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AGASTAT 


SECTRO-PNEUMATIC RELAY 





| 


FOR DIVERSITY IN TIME DELAY APPLICATIONS 


I cizageh PAUSA new sersey ( 


ACCUMULATOR COMPANY 


AMERICAN GAS 














DILLON DYNAMOMETER 


COMPACT—ACCURATE—LIGHT WEIGHT 


A reliable tensiometer widely used by 


difplane manufacturers, industrial labor- 
atories, electrical power concerns, etc. 8 
different capacities from 0-500 Ibs. up to 
0-15,000 Ibs. Fits into virtually any me- 
chanical setup. Only 8%” x 6%” x 3” — 
weighs 8 Ibs. 4 oz. Tests for static thrust, 
lodd limit, tensile strength, etc. An unbe- 
ligvably useful instrument at a reasonable 


pfice. 


5410 W 
CHICAGO, ILLINOIS 


WE DILLON & C0., 1c 


> 





4 


| WRITE DEPT. RD FOR LITERATURE 


HARRISON STREET 














“Mr. Tops,” The Paragon 
Symbol of Top Quality 





ag AUTOMATIC HEATING, VENTILATING, 


LIGHTING, PUMPING OR FLUSHING 
OPERATIONS... 


Paragon 700 Series Time Switches are 
equipped with 6” calendar dials which 
make one complete revolution every 7 
days. Dial trippers can be independently 
set for different daily ON and OFF sched- 
ules. Settings can be made in advance for 
an entire week. Any day or days opera- 
tions may be omitted entirely on a pre-set 
program. 


Each day of week clearly separated 
from other days; graduated into hours and 
half hours; day and night distinctly sepa- 
rated. Operations from ON to OFF or from 


_OFF to ON can be set as close as three 


hours apart and 
can be separately 
adjusted through- 
out each 24 hour 
day in the week. 


Write for a com- 
plete bulletin. 


PARAGON 
a ELECTRIC 
COMPANY 


35 West Van Buren St. 
Chicago 5, Illinois 





Porages 700 
Series Time 
Switch 
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WRITE FOR CO Meee CATALOG DATA ON 


Used by the Army, Navy and more than 200 War Indus- 
tries to CLEAN e RINSE @ POLISH ¢ DRY parts too difficult 
to clean manually or by any other method—instruments, 


meters, gauges, electronic tubes, bearings, jewels, crys- 
tals and related small parts. 


L&R MANUFACTURING COMPANY 


577 ELM STREET @e ARLINGTON e NEW JERSEY 


PRACTICAL CQ) INDICATOR 
MAKES ACCURATE 


ae tea 


FLUE GAS TESTS 


COz2 analysis of the flue gases is 
the only method available for de- 
termining the percentage of fuel 
wasted up the stack. The conven- 
ient FYRITE CO, Indicatormakes 
accurate flue gas tests easy— 
quickly pointing the way to ad- 
justments and repairs necessary 
to secure efficient fuel utilization. 
The FYRITE requires no skill or 
technical knowledge; is simple 
and rugged; has novalves,clamps, 
or leveling bottle; no glass parts 
or batteries. It is widely used as a 
practical aid to save fuel, stretch 
steaming capacity, and reduce 
furnace maintenance. 

For particulars about the FYRITE 
CO2 Indicator write for Bulletin 341. 
OXYGEN INDICATOR 
designed on same principle 
available soon. 








.5O comptere 
WITH INDUSTRIAL 
TYPE FLUE FILTER 


BACHARACH 


Industrial Instrument Co. 
f BENNETT ST 
PITTSBURGH, PA 











Ask for information. 
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Frictional Phenomena 
Concluded from page 393 


upper surface of the steel strip has been caref 
and polished to duplicate or approximate th, 
good bearing would have. 

About 2 inches above the steel surface is a 
about 4 inches wide and hinged on its side so 
either cover or uncover the surface of steel. Dov 1e unde 
side of this light board and over the middle he sted 
plate a copper wire is imbedded in the full k of th 
board. 

At T is an electric timer, a synchronous ele 
which operates a spark coil so as to give 30 
second. the copper wire in the cover board is ; 
one terminal of the sparking device and the ot} 
to the steel plate. At F’' are shown blocks of difi 
of metals which have a short pointed mast stic] 
of the middle of the block. One at a time, thes 
placed at the upper end of the steel plane and 
spring grip G. 

On starting the timer electric sparks pass fron 
of the mast to the wire in the cover board and 
puncture a thin narrow strip of paper spread 
underside of the cover board. When the block 
and begins to slide down the plane, sparks jump 
mast to the wire and puncture the paper with a 
tiny pinholes. Inasmuch as the block is being : 
in its motion, the distances between successive 
grow larger and larger. 

The metal block slides down the steel plate 
metal is Babbitt metal, then on the strip of pape 
ord for the acceleration (a) to be had for two su: 
Babbitt metal and steel. By means of the protractor 
plumb-bob arrangement P, the angle @ is measured 

Knowing (a) and @ we may now calculate what 
these two surfaces. 

To measure (a), the distances between success 
tures are first measured. A vernier caliper is 
small distances, while for the larger ones a rule! 
used. 

Recalling that our unit of time is 1/30 of a s 
shall use it as a unit and we can show that 
de d ds —_ de — d4 —_— ds eee. ay becai 
differences are also equal to the differences in vi 
the ends of the corresponding intervals of time 
dz = vg — v1, d4 — dz = v3 — ve etc., but by 
v2 — V} v3 — V2 = a which is the accelerati 
specific unit of time, viz. 1/30 of a second. If 
acceleration for 1/30 of a second, (a) which we w 
in the equation for 4 will be the acceleration per 

a = 900a; 

Knowing (a) and (b) we can substitute in 

a/g cos @ and find the value of 4. 

This has been found to be a very satisfactory 
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Coulomb in 1781 made an extensive study of frict 
enunciated certain “laws” which were afterwards 
by Morin (1830-1834). These laws have been foun 
within fairly wide limits. 

1. Fricticn is proportional to the normal pressuré 
the surfaces of contact, and therefore independent 
areas of the surfaces. 

2. Friction is independent of the speed with w! 
surfaces slide one on the other. 


Coulomb stated long ago that a distinction should ! 
between static and dynamic friction. In Fig. 1 the | on 
the dynamometer is greater at starting than when the block 
is moving steadily forward. In the repose method, F 
the angle 6 has to be made larger for starting tha 
which keeps the block moving uniformly down the 
plane. 

At rest the block appears to have settled its h 
the valleys of the other surface and therefore it is 
to get started. This means a greater coefficient of 
in starting than in moving steadily. 

Reduction in friction of bearings by lubrication 
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” “ig by &/. rument control of temperature or pH in industrial processing is less spectacular : 2 : 
“J than the location of enemy submarines or airplanes by the same method, but it is just ; 
from t he poir VY important, for it makes uniform mass production possible. Remove Ni ett 
and in de ing P Potentiometers are synonymous with processing accuracy and for more than a quarter By Cut Tool rat 
oread over : century most of these instruments have depended on Eplab Standard Cells for reliable per- << » aK @ ss 
Ik : ver Wg formance. These cells are a “yardstick” for the translation of voltage to temperature or - Die Cast . } 
ock is release be fir ial cells of their type made in America, they have become “as stand- R Flas =| 
releas pH. The first commercial cells ype ma: merica, they have me “as emove rias a ae js i. = 
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| th oe ‘Ask for Eplab Standard Cells ~~“ - New circular explains, illustrates 18 ways in which 
nS accelerate Ny _ in YOUR potentiometers. _ the Mead Industrial Burring Machine saves time and 


Sive puncture — A . = money—also contains special Grit Guide. Every in- 
dustrial plant needs this “Jack-Of-All-Trades” ma- 
THE EPPLEY LABORATORY, INC. chine. Your burring can be done in “free time”—in- 
stall these machines by every machine tool which 
leaves burrs. Grinds, finishes both outside and inside 
» NEWPORT, RHODE ISLAND, U.S.A. cut-out openings. Immediate delivery in most cases. 

Write for the informative Money-Saving circular now. 


MEAD SPECIALTIES COMPANY 
15 S. MARKET STREET, DEPT. 74-II, CHICAGO 6, ILL. 
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=f YOUR GLASS 
“| SURFACE PLATE 


sure between 
ndent of the affords you the PLUS advantages of 
which the Highly Polished Surface and Transparency 

Both models deliver 80 Ibs. pressure on a line pressure of 


Moreover, its crvstal cle | ' > ly reveals 
vi ’ S crystal clear glass texture romptly reveals 7 z : 
: 8 P pe 100 Ibs. They’ll save countless man-hours in assembly opera- 


] Y > Te Se i : sc. 99 : iY > > ~ on > ° ° ° ° ‘ , ° 
ould be made mis-use, and because it is “glass”, it receives better care tions involving welding, riveting, bolting, etc. Advantages over 
null on and handling. mechanical clamps: 1. Any number can be operated by single 
ne pull 4 y 
tale : : valve. 2. Easily installed in cramped corners. 3. Equal 
block MES — . ur v ae master valve. 2. Easily P 3 q 
hen the b Cadillac Glass Surface Plates are available in sizes from | ram pressure at amy stroke point. Send for new Mead AIR 


No 9 i, a : ‘A ; ; toes . map ; — “ 
oe : A a 8" x 8” to 18” x 24” and in accuracies from .0002 ta .0005. ~ em re ge our —- of Air ae Air 
A. a — Prices range from $11 to $90. Is packed im ab individual ises, Air Presses, ork Feeders, Valves, Controls, etc 

> inclined igs . . 
, box the top of which forms a protecting cover. Completely MEAD 


| “11 sntn descriptive folder sent promptly on request. 
a eva M By SPECIALTIES 


“I CADILLAG GLASS COMPANY =, mek] COMPANY 


15 SO. MARKET STREET 
tion jas a: 9022 WEST CERMAK RD., CHICAGO 8, ILL. DEPT. 74-JA ® CHICAGO, U. S. A. 
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Products of “MERIT” are passing the test 
MERIT has established its ability to pro- 
duce in quantity and deliver promptly— 
Transformers ¢ Coils ¢ Reactors © Electrical Wind- 
ings of All Types for Radio, Radar and Electronic 
Applications 

Today these dependable MERIT precision 
parts are secret weapons; tomorrow when 
they can be shown in detail as MERIT stand- 
ard products you will want them in solving 
the problems of a new electronic era. 


Illustrated: High Voltage oe 4 







A-2123 (small) and A-2124. Designed for =_ 
—_ 4 altitudes. Oil-filled and Hermetic 
sealed. ; 


MERIT COIL 


311 North Desplaines St. 


oe 


a 


Since 1924 ~ 


& TRANSFORMER CORP. 


CHICAGO 6, ILL. 


























PRODUCTIMETERS 


give accurate, “on the dot" records of machine production .. . help 
maintain exact schedules . . . provide a check on Operating efficiency. 
There's a unit for practically every need. Model illustrated is two 
counters in one: top row records current run; bottom row is totalizer 
- designed for keeping separate records of Production and daily 
or weekly totals. Exceptionally strong, durable . . . made with cus- 
tomary Productimeter precision. 


Bulletin No. 100—a concise, ready reference catalog 


of 100 standard models — sent at your request. 


DURANT MANUFACTURING COMPANY 


914 N. Buffum Street 194 Eddy Street 


PRODUCTIMETERS 
Tit R.I 


filwaukee, Wis THE SPEEDOMETERS OF IND ay Providence 
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ready been mentioned. The greatest reductic 
accomplished by rolling friction. In Fig. 6 is sh: 
tiful model, of French construction, for reduci 
A light aluminum wheel on a carefully ground 


as “eg 
a beay 
friction 
i axle j 


















Fig. 6. The axle of the large wheel rests in the intersections 
of the smaller wheels. The friction of this bearing is sma 

















supported by four other light aluminum wheels w 

are mounted in a cone bearing. This is the type of 
cne often sees on large grindstones. Fig. 7 shows : 
ball bearing. Both ball and roller bearings are used 


se axles 
bearing 
modern 

xten- 












Fig. 7. A modern steel ball bearing. 





sively in our modern conveyances and by their us« 





has been tremendously reduced. To show that rolling fric 

tion is much less than sliding friction, the block Fig 

1 is placed on a crude wooden cart in Fig. 8. Although the 
Fig. 8. The wheel reduces friction. 

cart weighs almost as much as the block the h ta 

pull to keep the cart and block going steadily along 's 'S 

than 1/20 of the pull when the block is sliding along “ 


same surface. 
The wheel was one of the greatest inventions of a 


time 
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WS a modern on meter scale in large easy-to-read type. 
e€ used oxtep- cabinet. Operates on self-contained batteries—no external source of 
current required. Comes complete with self-contained batteries, test 
leads and instructions. Size 6” x 10” x - 

Price Complete 









Specifications: — 
6 D.C. VOLTAGE RANGES (1000 OHMS PER VOLT) 











Sensitivity — 


Measures :— 


1500 VOLTS 
3 AMPERES 








30 AMPERES 


for Prompt Delivery RESISTANCE UP_TO— 
10 MEGOHMS 








0 TO 15/60/150/300/600/ 1500 VOLTS. 


6 A.C. VOLTAGE RANGES (1000 OHMS PER VOLT) 


0 TO 15/60/150/300/600/1500 VOLTS. 
7 D.C. CURRENT RANGES: 

0 TO 3/15/60/150 MILLIAMPERES 0 TO 3/15/30 AMPERES. 
A.C. CURRENT RANGE: 

0 TO 3 AMPERES. 


5 RESISTANCE RANGES: 


0 TO 1,000/10,000/100,000 OHMS, O0TO 1! MEGOHM 6 1TO 10 MEGOHMS. 


Mode! 710 uses a 4!/2” square 0 to 400 Microampere meter. All calibrations printed directly 
Instrument is housed in rugged, heavy-duty Oak 


SUPERIOR INSTRUMENTS co., Dept. IN 


227 FULTON STREET, NEW YORK 7, NEW YORK 





VOLT-OHM- 
MILLIAMMETER 


1,000 OHMS PER VOLT 
ON BOTH A.C, AND D.C.II 


AS. Ss Natag D.C, VOLTAGES 


A.C, CURRENT UP TO — 


Now Available D.C, CURRENT UP TO — 


$34:50 


| 
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HOW FAR CAN YOU SEE? 


With every forward step 
in the science and arts of 
optics, man’s vision leaps 
ahead by light years into 
the universe . . . advances 








steadily towards the apprehension of the atom. 

Specialists in the application of the optical sciences 
to some very practical arts, Kollmorgen pioneered the 
periscope ... and for years has been one of the principal! 
manufacturers of periscopes, navigation and fire control 
instruments for the U.S. Navy. 

A quarter century of research and experience in the 
solution of problems in mechanics as well as optics . . . and 
a large force of technicians trained in fine craftsmanship 
and close tolerances in glass and metals... are available 
for the peacetime needs of industry, science and education. 

If you can see ahead now . . . advise us of your coming 
plans and problems. 


KOLLMORGEN OPTICAL CORP. 


2 Franklin Avenue Brooklyn 11, N. Y. 
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GENERAL @ ELECTRIC 















WIDE-BAND 
OSCILLOSCOPE 





® For precision measurements and 
viewing wave shapes in electronic re- 
search and production testing. A full 
4 x 4-inch picture makes this instru- 
ment especially useful where both 
high and low frequenci « of small 
magnitude are present. 


Other units in the new General 
Electric line of ELECTRONIC MEASUR- 
ING EQUIPMENT include: G-E wave 
meters, capacitometers, power sup- 
plies, square wave generators, signal 
generators and various other instru- 
ments in the ultra-high frequency 
and micro-wave fields for measuring 
electronic circuits and checking com- 
ponent parts. 

For complete details, please mail 
the coupon below. We invite your 
inquiry for G-E electronic measur- 
ing equipment made to meet your 
specific requirements. 


FREE 
CATALOG 


ELECTRONICS 
DEPARTMENT 


GENERAL ELECTRIC CO. 


Schenectady, N, Y. 


Please send, without obligation to 
me, the General Electric Measuring 
Instrument Catalog, ]-7 (loose-leaf), 
for my information and files. 


Name 





Company 
Address____ 





164-C4 


Electronic Measuring Instruments 
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LUXTRON 


PHOTOCELLS 


Give Simple 
Means of 
Precision Control 


Power House Instrumentation 

Continued from page 404 
hand methods impossible. For coal han- 
dling in some of the small plants, and 
even in medium-size plants, the use of 
the monorail system can prove of great 
advantage. This can be expanded to use 
an electric hoist for raising the load, 
which may be hand-loaded, and again 
raised to the stoker hoppers. Scales can 
be interposed in the line of travel for 
recording the consumption; and with 
the boiler flowmeters evaporation can 
be determined. The lateral movement 
of the monorail can be either by motor 
or by hand. 

We have applied this system success- 
fully in under-flow ashpits where the 
bucket is designed to collect the ashes 
direct from the ash hopper by having 
it left in place until ready to raise, 
with no manual handling of the ashes. 

A properly-designed instrument board 
for each boiler, or often combined with 
one board centrally located for two or 
more boilers, usually carries the fol- 
lowing instruments: 

Steam flow, sometimes carrying air 
flow or COs indicating and recording 
instruments. These may be combined 
to indicate flue temperature, steam 
pressure, and indicating drafts, to suit 
the method of firing, at times carrying 
as many as ten pointers on the larger 
units for draft readings. 


COPR 


RECTIFI 


Include Many 
Extras for 


Combustion control instruments with “Coprox” Model CX-1C2B1, 
o , . . ween ae Kea ern . tap, full wave rectifier. Complete 
manual  cut-in ; switches are often sinond in Hatecliis. Low cuneriian 
mounted on the instrument panel, thus tifies high frequency current. ( 
placing control of the whole operation DC. 00 uivemens DC 


This pigtail-contact 
mode] is only one of 
a series of mountings 
and indicates only 
one of the complete 


tively rated up to 4.5 volts A.C 


models and capacities to meet all ne 


range of Luxtron* 
cell shapes and sizes 
available. 


constant flow power. 
ity of Luxtron Photocells to oper- 
ate instruments and en re- 


bering inquiries are al- 
Alysirated data sent on request. 
“*Reg. U.S. Pat. OO - 


BRADLEY 


LABORATORIES, INC. 


82 Meadow Street. New Haven 
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at one point. Even large units can be 
successfully operated by a single man. 

Automatic coal scales above the sto- 
ker and under the overhead coal bins 
feed and automatically weigh the coal 
to the stokers. Wide stokers, especially 
of the chain grate type, can be equipped 
with chutes designed not only to dis- 
tribute coal over the whole width, but 
also distribute the sizes in the coal to 
give a uniform mixture and prevent 
uneven fuel bed conditions. 

With the advent of the spreader 
stoker, now quite popular, the necessity 
for some of these features of operation 
as mentioned can be dispensed with, 
since the spreader stokers give uniform 
distribution on the grates. In this type 
of equipment, fly ash collection is auto- 
matically returned to the furnace by 
air jets, which saves considerable labor 
of handling. These stokers are now 
equipped for automatic discharge of 
ash by means of traveling grates, thus 
eliminating the time and labor required 
to dump the grates, which also reflects 
on continuity of efficiency. 

Judicious water-cooling of furnaces, 
which are being adapted to already- 
installed boiler units, reduces man- 
hours and maintenance of brickwork 
and furnaces; eliminates slicing of side 
walls at the fuel bed level; and in- 
creases boiler capacity. 

A recent example of such a problem 
is an installation of three 350-hp. boil- 
ers, equipped with forced-blast chain- 
grate stokers, where a simple addition 


Special terminals, or pre-soldered 
lead wires, prevent overheating | 
during assembly. ‘Standard units — 
sealed with waterproof lacquers, | 
critical-application units potted 
in wax. Standard “pellets” gold 
coated on front e, forming © 
positive contact; for critical ap-_ 
plications, geld used on both © 
sides. High leakage, but very 
low forward resistance. Highly 
adaptable mountings. 

To these extras, add Bradley's 
ability to produce "Coprox"’ rec- 
tifiers for special applications, 


: 


Ask for samples and 
foll technical data. 
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LABORATORIES, INC. 


82 Meadow Stree!. New Haven 10. Cogan 
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COCHRANE = ROTAMETER 


METERS 
* 


EXCLUSIVE FEATURES DESIGNED FOR YOUR 
BENEFIT— Features That You Will Quickly 
Appreciate —in this Series 10OO Rotameters 


1. REPRODUCIBLE ACCURACY. 


Spring-Loaded Constant Tension 
Guide Rod keeps metering float 
always in exact center of tube, un- 
affected by tightening of Stuffing 


rOxeS, 


NO DAMAGED FLOATS. 
Spring Float Stops effectively ab- 
sorb the force imparted to the float 
by sudden surges of the fluid. 
Older constructions permitted 
surges to throw the float against 


the fixed stops, resulting in damage. 


WILL METER CORROSIVE 
FLUIDS UNDER HIGH PRES- 
SURE. High Pressure Stuffing 
Boxes are a distinct improvement 
over ordinary stuthng box construc- 
tion, permitting the use of corrosive 
fluids and fluids at high pressures, 


4 


5. 


EASY ADJUSTMENT OF 
STUFFING BOXES by Turning 
Milled Nuts with a Spanner Wrench 
in one operation comparéd with 
other types, where it is neccessary to 


tak lx } ] ¢ 
takeup successively 4 DOLLS OF screws. 


EASY TO READ. White-backed 
Metering Tube pérmits quick and 
accurate reading ot tioat position even 
under poor lighting conditions. An 
integral part of the tube, it cannot 


get dirty. 


EASY TO CHANGE FROM 
ONE SERVICE TO ANOTHER, 


Removable Calibration Scale per- 
mits changing from one service to 
another. New scales can be fur- 
nished quickly without recalibration, 
or purchase of new tube or float. 





% Designed and x 
Manufactured by 
Rotameter Specialists 


fia 
i 


ROTAMETERs 


Cochrane, inannouncing this 
line of Rotameters, finds itself 

caetg fortunate in its association 
BS witha groupofspecialists with 
= years of experience in the 
highly specialized field of 
glass fabrication and thetech- 
nique of calibration proce- 
dure. Inthis organization will 
be found some ofthe men who 
helped pioneer the develop- 
ment of the American rota- 
meter into a successful meas- 
uring device with inter- 
changeable precision-bore 
tubes. The engineeringphases 
of the work are in the care of 
men with years of training in 
the calculation, design, cali- 
bration and application of 


showing the complete line. these products. 


A 108 ton SPtCtalists 


GET THIS COMPLETE CATALOG 
en a new line of Rotameters 
giving details of the exclusive 
features outlined above, and 











COCHRANE CORP., 3120 N. 17th ST., PHILADELPHIA 32, PA. 
LINE OF FLOW MEASURING INSTRUMENTS 








MECHANICAL 


[INAMETER 
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When you want 


accurate and depend- 
able automatic temperature 
or humidity control forIndustri- 
al Processes, Heating or Air Cond- 
itioning Systems, call in a Powers 
engineer. With over 50 years of ex- 
perience anda very completeline of 
self-operating and air operated 
controls we are well equipped to 
fill your requirements, 


Write for Circular 2520 
2734 Greenview Ave., Chicago 


Offices in 47 Cities—See 
your phone directory. 


THE 


POWERS REGULATOR CO. 
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of side water-walls and side water-wall 
headers, and a better means of ash dis- 
posal from the rear of the boiler in- 
stead of raking to the front, enabled 
this plant in the present heating sea- 
son to carry a 100 percent additional 
heating load, with no additional labor. 

Automatic over-fire air application 
was employed and the combustion arches 
eliminated; and there have been none 
of the interruptions for brickwork re- 
pair which were usual with the former 
operation at half the load now carried. 
Also, no slicing of side walls is neces- 
sary, as was necessary in the case of 
the former operation at the former load. 

Another useful instrument which can 
be applied to the industrial plant is a 
meter to measure makeup water to the 
boiler plant. This at once shows the 
losses that occur in comparison to the 
steam generated, and is usually read 
in percent. This may represent avoid- 
able or unavoidable losses; in any 
event it is one of the most definite ways 
to determine the losses—and few in- 
dustrial plants know what their make- 
up percentage is. It will also reveal 
how well the heating load is balanced 
with the electric load. In one large 
plant a flowmeter was installed on the 
atmospheric relief valve, where all ex- 
cess steam escaped to the air. To start 
with, this represented a large percent- 
age of the steam generated; but by its 
use, and balancing electric and steam- 
driven equipment, this loss was reduced 
to a minimum, saving man-hours in 
coal- and ash-handling, and enabling 
the plant to operate on one less boiler. 

A recent survey by this method re- 
vealed that the plant makeup was 50 
percent. Investigation showed that live 
steam was used in many places where 
exhaust steam would do the same work, 
and where hot water with storage fa- 
cilities would cut down peak demands 
on the boiler plant. This, with other 
economies, was sufficient to enable them 
to dispense with a fireman helper. 

A common loss in the heating sys- 
tem of many plants is the flagrant use 
of cold water in the ordinary steam- 
operating vacuum pump to reduce leak- 
ing steam. This often causes overflow- 
ing feedwater heaters and loss of con- 
densate to the sewer. 

We also find that few plants are pro- 
vided with surge tank capacity to take 
up the slack between boiler demand and 
condensation return slugs from the 
heating system. As these do not occur 
together, the result is loss of pure con- 
densate, increasing makeup and requir- 
ing additional chemical and _ boiler 
washing and cleaning. 

Thus it will be seen that there are 
unlimited opportunities for instrumen- 
tation which would contribute to man- 
hour savings if the application is care- 
fully studied and skillfully applied; 
and in most cases these installations 
soon pay for themselves. Returns on 
investments of this nature should usu- 
ally pay for themselves in two years 
or less, in order to be attractive to the 
management. 
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A STRONGER FAG#oR 
in TODAY’S NE@ 

























EXTRACTOR POSTS 


WITH ELECTRICALLY WELbDED 
SIDE TERMINALS 


Terminals integral with inner shell 
mean more strength against extreme 
shock, vibration and temperatures, 
Maximum electrical conductivity 
New construction for convenience and 
durability. Shock-proof visual inspec. 
tion. Specially designed grip prevents 
fuse from dropping out. 


Send for B/P and ENGINEERING DATA 
Ask for Samples 


342001 finger-operated for 4 A G 
fuses illustrated. Also furnished screw- 
driver operated meeting Under. 
writers’ specifications. 


LITTELFUSE INCORPORATED 





4757 Ravenswood Ave., Chicago 40, Ill 
200 Ong S?. El Monte, Calif 























For Extremely Close 
Temperature Control 


Visual-Stats 





@ Sensitivity of a hundredth of a degree 
is easily attainable. @ Top of mercury 
column visible at control point (were 
most important) because electrodes ‘er 
minate at back of tube. No encirc'ng 
metal bands! @ Available in angie orm 
(illustrated) or conventional straight ‘orm. 
@ Send for brief, attractive bulletin 


The Philadelphia Thermomete ‘0. 
Sixth & Cayuga Sts. “te Philadephia 
Oldest Thermometer Manufaciset 





in Philadel phia 





— 
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ELGIN 
SAPPHIRE GAGES 














'OSTS 






















WELDED 
ILS 
inner shell ee (when you buy Industrial 
ast extreme ~ %}>-- Thermometers) 
~ atures, , - 
ndu Vity ° . . 
<tr : si You will find some very excellent instruments available. Check 
ual inspec. them carefully; compare their relative merits. Then—if you find 
ip prevents the quality, accuracy, and the ability to “take it” of Precision 
Thermometers as outstanding as we think you will—we'll be 
RING DATA looking for your order. 
Write for Bulletin “E”, our new catalog of “Engineers’ Type” 
or 3 AG and other Industrial Thermometers. 
hed screw. 
Under. 
, Paria PRECISION THERMOMETER AND INSTRUMENT COMPANY 


1434 Brandywine Street, Philadelphia 30, Penna. 


PRECISION INSTRUMENTS FOR INDUSTRY 


ORATED 


hicago 40, iil 


», Calif 









not even five millionths of an inch wear! 























EE, 


“ioe WLULLUCUUN LL 


ntrol demonstrated by 
inch wear. And yet those gagings were made on 


a rs THORDARSON holes charged with a residue of grinding compound! 


COMPACT, HERMETICALLY-SEALED TRANSFORMER American Perforator compared the wearing qual- 

ities of Sapphire Gages with that of other types. On 
FOR AIRBORNE SERVICE viaguealiie gagings, tungsten carbide eae wore 
out after a maximum of 23 days, hard steel plugs 
wore beyond use within | day... while Elgin Sap- 
vhire Gages were still on the job after 60 days with 
lous than five millionths of an inch wear. 


NOTHER factual report of their amazing perform- 
ance: Elgin Sapphire Plug Gages have Swed 
60,000 gagings for the American Perforator Com- 
any and still do not show even five millionths of an 





There’s no wear allowance necessary with Elgin 
Sapphire Gages. They can’t rust, burr, corrode or 
become distorted with use. Write for prices and 
complete information about beautiful, durable Elgin 
Sapphire Gages. Sizes from .040” to .250” and with 
2m as fine as .00002”. 


ELGIN SAPPHIRE PRODUCTS PRESENT MANY ADVANTAGES 
for the following types of equipment: Ring Gages * Bearings 
Thread Guides « Extrusion Dies « Gages « Knife Edges * Spray 
Nozzles « Sapphire Lapping Powders « Diesel Injector Noz- 
zies « Oil Burner Nozzles * Soft Wire Dies * Phonograph 
Needles ¢ Cutting Tools for soft metals * Burnishing Tools for 





< asi > 
y inasmall Since the terminal seal em 









g sch yee ploys metal and glass, abso 
a degree tr 60 to 2600 pre a gece ntl: me soft metals « Pressure Vessel Windows « Electrical Insulators « 
ie ury I a N i magus difficulties usually caused W atch Crystals e Honing Stones. 
w ( ere % by climatic changes. 
odes ~ America’s best equipped sapphire fabricator 
enci 
igie ‘orm 
ght m 
etin TRANSFORMER DIVISION 
THORDARSON ELECTRIC MFG. CO. 
eter v0 $00 WEST HURON STREET, CHICAGO, IL WwW fi T Cc H Cc Oo AA p rN] Y 
vve j fA 







DT ran sfos mer Cpecnlests StucelSGS 


: SAPPHIRE PRODUCTS DIVISION 
ORIGINATORS OF TRU-FIDELITY AMPLIFIERS 
; | 


* 932 Benton Street, Aurora, Illinois, U. S. A. * 
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UNIVERSAL DIAL 
\\ feat INDICATG ) 


AMEs. No. 22h 
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Mechanics like the AMES Uni- 
versal Test Indicator No. 22A 
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b it i il and 3 
ecause it is small and compact, 
easy to set up and adjust, can be used i 
on numerous testing jobs, and with 
* / n 
Hole Attachment can reach internal B.C. AMES CO | 
e . © C. 
surfaces and places that are hard to | ( 
get at. Packed in deluxe wooden box. WALTHAM, MASS., U.S.A. — i 
‘ 
C 
P 
k 
y 
NSTRUMENT SOCIETIES CALENDAR ¢ 
City, Society and Secretary Date Place NEW POST-WAR ; 
Atlenta Georgia Society for Roger W. Allen, 376 Nelson PRODUCTS AVAILABLE ‘ 
Measurement & Control St., S.W., Atlanta I 
Baltimore Baltimore Industrial In- C. B. Willnecker, 6732 Dan- FOR MANUFACTURE ( 
strumentation Society ville Ave., Dundalk, Md Let’s Have News Anyway! AND DISTRIBUTION 
Chicago Chicago Society for A. J. Butler, 2626 W. 31st In spite of no ee ye soe r, i 
Measurement & Control Blvd., Chicago keep your Society in print! Secre- t 
taries (and others lease send me \ 
Cleveland Cleveland Instru- P. G. Meulenberg, DuPont ache —_— yen UE re e at UNDER LICENSE | 
mentation Society Experimental Lab this page. I can’t make up news items 2 d 
Gulf Coast Gulf Coast Inst t T.H.P , 3030 Robe ,, out of my head: I've got to RECEIVE 1 
Molatonenes Bieh’s peaceue he. oberts &., them! The reason why there’s only ELECTRIC MICROMETERS | 
Ass'n the calendar this month is that I re- ELECTRIC THERMOMETERS f 
ceived nothing—not even a hastily- 
Hartford Hartford Society for Stephen J. Zelle, Whitney Chain written postal card giving a brief ELECTRIC TACHOMETERS ] 
Measurement & Control & Mfg. Co., Hartford, Conn. news item, Even my own friends who ELECTRIC HYGROMETERS 
Kansas City KC Industrial Instru- Gordon H. Burke, ren pas Wiles Sites dortet tn ( 
2s , etters jar ss Ss, +4 O . . 
smpaaprekrtaa Suite Rageeing Co. include news of their societies. I Remote Electrically Indicating | 
Newark New Jersey Society for Robert H. Gray, 84 Centennial know that all members of all soci- Recording and Controlling 
Measurement & Control Ave., Cranford, N. J. eties are justly proud of their work, Oo f oe 
. 4 ~ so why not tell the world? perate rom commercial von 
New York New York Society for H. R. Kalbfleisch, 144-35 >a ages and frequencies through a | 
Measurement & Control No. Blvd., Flushing, N. Y —M. F. Benar, Editor . Le ntetaal 
N. Indiana North Ind Soc R. W. Sch 4 Walth S a — | 
. o ern indiana . . ° chreiner, altham 5St. 
Measurement & Control Calumet City, Illinois Measurement. 
i . wal 
Philadelphia Philadelphia Society J. E. Gambrill, 1317 Sept. 208) Engineers Club Providing simple Fsbs 
for Instrumentation Spruce St. permanently dependable 
Sept. 25(3) Roosevelt Hotel formance. 
a We develop Electrical !r 
iiale | Oct. 23 Roosevelt Hotel ments for manufacture an 
Pitteburgh American iety for L. M. Susany, c/o Carnegie In- | ibuti li ; 
Measurement & Control stitute, 4400 Forbes St., Pgh 1 Nov. 270 Reanasvels Facet tribution under license 
| * 
| Dec. 18 R velt H Correspondence Invited from 
} Manufacturers Interested in 
; Post-war Manutactur« 
Se. Louis St. Louis Society for Gus Holubeck, Union and Distribution. 
Instrumentation Electric Co., Venice, Ill. e 
Toronto Canadian Society for T. C. Agnew, Minneapolis- 
Measurement & Control Honeywell Reg. Co., Toronto gen ag pdb te 
Washington Instruments Society W. A. Wildhack 8 N ET 
of Washington Oxford St.; Arlington, V 1415 WEST HOWARD STi 
; CHICAGO, ILLINOIS 
. —_— 





ue T CONTROLS 


ELECTRIX REKORDER 


The mest versatile Chronograph. Invalu- (2” to 10”) wide in lengths up to 125 
able for graphic recording in . . . pro- feet. Same nine speeds. By using widest 
duction . . . control .. . biology... paper and 50 styli, more than a mile of 
research ... timing ... and any qualita- graphic can be done, unattended, on a 
tive phenomenon. Synchronous drive for single roll. 

““dead-beat’’ accuracy. _Nine remarkable 

speeds. FOB factory, either type $245.00 On either type of Rekorder, any conven- 
DRUM TYPE. All-aluminum drum holds tional type of recording system can be 
chart paper 25 cm by 50 cm. Supplied used with proper instruments such as 
with up to 50 stylui to provide 50 simul- magnet energized pencil or inked pens 
taneous recordings. Drum turns one or using pressure sensitive Wwaxer paper. 
revolution (50 cm of chart) at any of However, the Rekorders are supplied 
the easily selected speeds of 1 min. . . complete with styli for use with Electrix 
2 Mes 6 «+ SUE ws TBR ss paper which instantly and permanently 
4 bee. ... 12 brs. . . . 1 day .. records when a small current passes 


s 
easure 1 week . . . 4 weeks. By use of low- t h I he oc, Wri 
* They look, m cost screw-feed attachment a single con- reg Pact clay ig rR ned . 7 


and operate the same tinuous spiral recording up to 2,500 cm. about Electrix paper . . . about the 
Cl + wi d eee er a Re: See oat. angie MONODRUM chart mover with 22 
-these Clarostaf wire-woun Sarita re epee ae speeds . . . and about the DUALDRUM 
oo , >O} T S a 2. Employs chart mover with 36 speeds and overall 

and composition element roll of recording paper from 5 to 25 cm. speed ratio of from 1:1 to 1:10,000,000! 


midget controls. Fully inter- 


changeable, mechanically. 

Can * made up in various (crrel] re (crrel] 
tandem assemblies. thicagoHeights 
Clarostat Type 37 midget com- Ilinois 
position-elementcontrols have 


been available for several 
years past. Their stabilized 


element has established new 
WAR standards for accurate resist- WH AT do you need 


\ILABLE ance values, exceptional im- . 
munity to humidity and other ind Pp YRO a ETE R 


CTURE 

















climatic conditions, and lon 
UTION trouble-free service. 1 aan ee —— 
' DURABILITY SIMPLIGITY & 
900 ohms to 5 megohms. 
And now the Clarostat Type Engelhard Direct Deflection Indicators have all these features .. . Accurate sensi- 
‘ : ‘ tivity to the most minute voltage variations due to suspension type construction .. . 
ETERS 43 midget wire-wound is also High resistance per millivolt and no appreciable error when used with thermocouples 
METERS available, to match Type 37— , of different resistances and on connecting leads of consid- 
ETERS . — erable length . . . Sturdy construction, adapted to use under 
IETERS matched - SP PEMISACe, severe conditions without danger . . . So simple that instant 
dimensions, rotation, switch. readings may be made directly in either millivolts or tem- 
ndicating, 2 watts. 1 to 10,000 ohms. peratures by someone unfamiliar with the principles of pyro- 
lling metry . . . On kilns or furnace installations, where “spot 
iid all For neainess, compaciness, _ readings” are desirable—the Engelhard Rotary Switch permits 
hrough a convenience, trouble-free Op- separate readings from many points. 
Electrical eration—just specify Clarostat 
‘i J ; pecuy Write for 
i matched midget controls. Catalog 
ole 


* Write for literature... PORTABLE 
MODEL P-1 


CHARLES ENGELHARD, INCORPORATED 
90 CHESTNUT ST. NEWARK, NEW JERSEY 
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The Mark of 
Effective Control 


Process Control for sensitive, stable 
automatic control of temperature, 
pressure, liquid level,flow and other 
factors as applied to industria) 
processes. Responds to changes 


quickly,without overtravel or hunt- 
ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 

of boilers of 

200 h. p. and 

lerger. Details 

in Bulletin 

No. 102. 


Boiler Meters 
for recording 
combustion 
conditions and 
guiding boiler operators. Described 
in Bulletin No. 44. 


Recorder-Controller 


Multi-Pointer Gages for indicating 

factors such as draft, pressure, tem- 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 
struction. 


Flow Meters for indi- 
cating, recording and 
integrating the flow of 
Conrol Prive steam, water, sewage, 


air, gas and other fluids. Bulletins 
No. 39 and 300. 


Recorders for pressure, temper- 
ature, drafts, liquid level and other 
factors. 


BAILEY METER 





COMPANY . 
1041 Ivanhoe Rd., Cleveland, Ohio | 
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The Month’s NE! 
INSTRUMEN 


In this department we report each month new devices for measurem« 
spection, testing, metering and automatic control—in the form of conci< 
nical descriptions. When writing to manufacturers directly, please menti 
department. Or write to Information Section, Instruments Publishing Con 





41/,” Dial Thermometer with 
Plastic Case 


New “53K _ £Series” mercury-actuated 
41%” Phenolic case dial thermometer, orig- 
inally built for the shipbuilding industry, 
is built to withstand severe operating con- 


ditions. Available with “‘Accuratus” tubing, 
it is said to be especially well suited to in- 
stallations requiring a long length of tubing 
between bulb and instrument. Plastic case 
is resistant to corrosion and shock. To 
facilitate reading at a distance, metal dial 
is finished in black with white figures. New 
instrument is available with a wide variety 
of standard bulbs and in the following 
Fahrenheit ranges: —40 to 120, 40 to 220, 
850 to 550, 400 to 900, —10 to 110, 80 to 
300, 300 to 750, 30 to 150, 50 to 400, 200 to 
900.—Taylor Instrument Companies, Ro- 
chester 1, N. Y. 





Indicating Gage for Work 
Being Ground 


New “Stuart Micromatic Visual Grinding 
Gage” is for materially increasing the speed 
of precision grinding operations while main- 
taining the required degree of accuracy. It 
is applied to and taken off the work while 
the machine is in operation. Hand “miking”’ 
is eliminated. Dial indicator guides opera- 


tor as work is ground to size 
eates correct size even though 
controls of the machine may 
Grinding tolerances of +0.0001 ire 
to be easily maintained. Ope: ; 
is reduced, rejections minimized 
is actuated by “direct parallel t 
tact points of caliper measurin: 
tungsten carbide for long wea 
made in two models with ran 
to 14%” and %&” to 2%” respect 
tional calipers for the larger n 
ranges of 2” to 5” and 5” to 8 
& Bals, Inc., 4701 West Lake 
Illinois. 


ge ind 
+ Sizin 
worn 
Said 
fatigy 
ge dig 
t.” Con 
r are g 
rage 
of \ 
Addi 
provide 
Clawse 
Chicago 


Predetermining Counter 

New “Portland Anyset Contro 
is a heavy-duty predetermining 
with an automatic repeat mechan 
can be set at any desired number and wi 
automatically repeat in units the set 
count without further attention. At comple 


Counter" 
counter 
sm whid 


of 


tion of each set count a 110-volt 
actuated to control operations. T! 
switch may be furnished for a man 
(which requires depressing a pus 
at lower end of case); or an 
type reset requiring counter to b« 
through one count before being a 
ally reset; or in a 110-volt sole: 
for remote control. Counter may b 
and easily set to repeat at an) 
within its capacity, so that wher 
quantity has been tallied, alarm si 
tacts are closed during one count 
trol switch actuated. This switch 
furnished to make or to break c 
completion of each preset count and 
used to stop the machine or to st 
operations. Mechanism is enclos« 
heavy dustproof case. Unusually la 
shafts in ample bearings with 
hardened steel parts and extra-h¢ 
struction, assure long life. It is ad 
speeds up to 400 counts per minute 
switch is rated at 110 volts 10 an 
higher capacities a starter switch 
is necessary. Terminals are prov! 
alarm signals for either light or be! 





e always similar for products... ... Standard “off-the-shelf” ‘ 
trol Count ‘0 rs could be used for most cases. However, experience 
nani proves that operating conditions do vary in motor applica- 
tions — and the only way to meet performance requirements 
is to use a special motor specifically designed to meet oper- 
ating conditions such as load cycle, speed stability, speed 
control, reversal of rotation, atmospheric conditions, quiet- 
ness, etc. ee 
For over 50 years Holfzer-Cabot hes concentrated its facilities 
in the design and application of special fractional HP motors 
to meet the exacting performance requirements of such 
products as instruments, aircraft, machine tools, business 
machines, etc. And although today all of our energies are 


being utilized in building motors for military products, our 


motor development engineers will gladly discuss your peace- 


uct motor problems with you. 


HOLTZER-CABOT ELECTRIC COMPANY 


Designers and Builders of Special Fractional HP Motors and Electrical Apparatus 


125 AMORY STREET, BOSTON 19, MASS. 
New York; N.Y. © Chicago, Ill. ¢ Philadelphia, Pa. 


July 1944—nstruments—Page 443 








; ing on 6-volt current. Ship; y 
Ibs. Size of case, 10%” » ae 
Double contact switches are 
Controller is furnished for 
ments but can be adapted fo; 
motion. One rotation of driv: 
one on either clockwise or c 
rotation. Right-hand model } t 
shaft on right side (as illu 
| hand counter has shaft on 
| Co., Portland 2, Maine. 

























Propeller Type Liquid Mete; 
New “Model PRF Propelofi ' 
propeller type meter for mair 
larger). It is said to emb 
. | provements, including strea 
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still delivering after 


88,000 HOURS 


Continuous Service 


This Conant type M rectifier was returned as 
defective on May 9g, 1934. When routine 
tests failed to show any defects, this rectifier was 


| 
| 
| 





mounted on the back of a 15 mil meter 


construction, 8-blade sakelite 





























and put in operation as a line voltmeter, in an molded in one piece, and shafts rotating i 
; : evi ball bearings to assure maximum power t 
effort to detect any intermittent condition. drive indicating and recording devices 0 
proportioning chemical feeders. Ventur 
throat evenly distributes force f  floy 
against full area of propeller, resulting 
5 eee improved accuracy throughout eXCEY 
For more than ten years this “defective” Conant | tionally wide range of flow.” Spiral flow ig § 
\ : , : . eliminated by straightening vanes just Ney 
rectifier has been in continuous service— stream of propeller. Propeller hub, brackeg “~' 
: P ; and nose are streamlined to reduce flowg™™ °° 
an estimated 88,000 hours—delivering a full disturbance and divert fine grit, sand og™gY°G" 
— ; e : scale away from mechanism. Unit is ecasymeoD" 
13 milliamperes, its original output. This | to service, it is said, owing to its ‘ ' 
. “11° . lubrication system, readily accessible stuff 
is the milliampere-hour equivalent of several ing box, and the ease with which propelle 
° ° : . mechanism may be removed for inspection 
lifetimes of normal service. A Bhan c0ver mae be Siatedied when mee 
is removed.—Builders-Providence, Inc., § 
Codding St., Providence 1, R. I. 
This unintentional life test, begun a decade ago, | Direct-reading Megohmeter 
makes it possible to safely predict a normal New “TAC Model 400-H Megohieter” is 


P : especially designed for checking capacito! 
life of at least ten years for any Conant rectifier. _| dielectric, but is equally applicable to othe 
: high-resistance testing: 400 megohms t 
100,000 meghoms. Resistance \ ; 

measured under an applied d-« 

of 90 volts and are indicated 


If it is important that your instruments | dividually calibrated scale. Wit 
4 tape : ’ : curacy of 5%, instrument is stab 
retain their initial calibration for life—choose | to allow its use in production 


Conant rectifiers and be certain. 


ELECTRICAL LABORATORIES 


6500 O STREET, LINCOLN 5, NEBRASKA, U. S. A. 































20 Vesey St., New York 7, New York 2017 Grand Ave., Kansas City, Mo. 4214 Country Club Dr.,Long Beach7, Cal. 
85 E. Gay St., Columbus, Ohio 7935 Eustis St., Dallas 18, Texas 4205 N.E. 22nd Ave., Portland 11, Ore. 
600 S. Michigan Ave., Chicago 5, Ill. 4018 Greer Ave., St. Louis, Mo. Caixa Postal 930, Sao Paulo, Brazil 
1215 Harmon Pi., Minneapolis 3, Minn, 1526 Ivy St., Denver, Colo. 50 Yarmouth Rd., Toronto, Canada 
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t limiter prevents damage to 
test terminals are accidentally 
ols (master switch, range se- 
o adjustor) are conveniently 
ynt panel, which also carries 
indicator, pilot lamp, and 
Latter is made of a non- 
gh-resistance material so as 
id ¢ r due to humidity. Measuring 
ling 110-volt 60-cycle power 
ie test battery, is contained 
sing 8” x 10” X 8”; a hinged 
, es access to interior for re- 
ent batteries or tubes.—Technical 
, »., 1171 Tremont St., Boston 


yilt-in © 
nstrumen 
ported. 
yector, an 
grouped 


» resis 


p ‘eo 
ight, 



















Precision Manometer 


as printed last month, several lines 





New “Meriam Mi- 
cromanometer” has 
been developed for 
calibrating low 
pressure _instru- 
ments and is suit- 
able also for read- 
ing pressures and 
vacuums, A highly 
sensitive instru- 
ment, the Meriam 
Micromanometer 
permits readings to 
+ 0.001” water 
pressure. It is said 
to be “quite differ- 
ent from anything 


now on the mar- 
ket.” In simplicity 
of operation it is 


said to surpass the 























hook gage. It is 
“not the least com- 
plicated or mysteri- 
ous” and can _ be 
lite propelle handled successful- 
fts rotating ig ly by the average 
num power tf operator. — The 
ne devices a Meriam Instrument 
im. Venton Co., 10958 Madison 
orce of ff Ave., Cleveland 2, 
resulting Ohio. 
it “an excey ———————— 
Spiral fov i Seam W elding Controller 
hub, br New “Type CR7503-B110” resistance weld- 
» reduce flowmmns control is designed exclusively for seam 
grit, sand o g. It incorporates a completely elec- 
Unit is easmm™onic timing circuit and is especially suit- 
its “‘one-s able for operations 
cessible gs where frequent 
hich propellet changes of the timing 
or inspection pattern are required, 
i when meter such as when weld- 
nee, Inc. § ing a variety of ma- 
terials of various 
shapes and. thick- 
nesses. Operating on 
hmeter a 230/460/575-volt 
, é single-phase 60-cycle 
goht eter” i power supply, the 
Ing capacitor control consists of a 





able to other 
met t 


timing panel, a fir- 
ing and a heat con- 


nms t 





V trol panel, and a | 
~¢ power panel, any one | 
d of which can be sep- 
Vit arately disconnected 
tab and removed to fa- 
n t cilitate inspection or 


servicing. The electronic timing circuit pro- 













ial is located on a panel readily 

through a flap opening in front 
iap switches for providing inde- 
.djustment of the “heat” and ‘‘cool”’ 
ne-cycle steps from one to 30 cycles 
ere also located on this panel. Thus the 
ariol ettings can be seen at a glance. 
All t and connection terminals are con- 
enic located. Water supply inlet and 


ACCESS 
oor, 

ender 
ime ir 





‘ides accuracy of the timing pattern of 
He weld without utilizing moving parts and 
regardless of “normal, instantaneous, or | 
radual line-voltage variation. Smooth heat | 
ontrol provided by the phase-shift meth- 
id. Complete control is mounted in a floor- 
YPe enclosure; full-length front and rear 
wes n be locked. A calibrated heat- 
ontro 











Whether for direct manual adjustment or for front-of- 
board control, Jagabi “Lubri-tact” Power Rheostats 
can be depended upon to do a real job where ruggedness, 
durability and maximum heat-dissipating qualities are 
required. Suitable for either d-c or a-c control in 4 sizes 
and 76 ratings from 30,000 ohms, 0.1 amp. to 1.6 ohms, 25 
amps. Available in screw-driven fine adjustment types, and 
with metal cages, multiple sliders and other modifications. 


Write for Bulletin 1745-I. 








“JAGABI” 
COMPRESSION 
CARBON 
RHEOSTATS 


Jagabi Compression Carbon Rheostats can be smoothly 
controlled by screw adjustment, and overloads of 
several hundred percent are permissible for short 
periods of time. Four sizes in current ratings from 
6 to 65 amps. up to 55 to 800 amps. 

Write for Bulletin 1745-1. 


JAMES G. BIDDLE CO. 


1211-13 ARCH STREET 
PHILADELPHIA 7, PA. 
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outlet fittings are on outside nel 

A row of indicating lights o; oon 2 
show instantly whether (1) th, iler Pe 
is adequate, (2) power has | ap lie 
and (3) the time-delay has i "" 
Industrial Control Div., Gen. Mi 
Co., Schenectady, N. Y. ees 





| Che test is worth a 


Temperature or Pressu: 


, ae Reng ne og 
1 ation with e Ash 

thousand EXPert OPINtONs | slide-rule type dial is enally 
: } setting control point. “Series F- 


~ The Richle Axiom 


rl 
ml 
‘||! 


HYDRAULIC TESTING MACHINES Pendulum load indication 


is more accurate and de- 
pendable because it oper- 
. « « « have repeatedly demonstrated the practical ates on the natural laws of 


, - . itation. This principle 
truth in the words, “One Test is Worth a Thousand cme is oe 


Expert Opinions.” Because they have simplified the by temperature changes or 
subject to metal fatigue. . 





are for pressure only; “Series E-200" ( 

low) are for both pressure and temperature 

applications, as a _ pressure n 

pressure gage combination, or temperatg 

they are widely used throughout the wartime industries = and thermometer combination, | 
, J : r * single or duplex types.—JZlectro Mechanica 

today. Here Riehle Testing Machines “ferret out” mater- Division, Manning, Maxwell ¢ Moore 

| Bridgeport, Conn, 


science of testing the physical properties of materials 


ial weaknesses and defects; avoid failures before they occur. 


This technique of progressive testing on the production line 


“a Constant-humidity Test Cell 
and in research laboratories saves valuable machine and ; New “Model NL-B-4-15" and “Model NI 
B-4-16" testing chambers wer: narily 
designed for studying effects of 1 scopi 
layers of moisture (not to be cont 
condensate) which form on mos 


HYDRAULIC | sirpte sha tetris ete 
R fj H THOTING || Oro tec : 
MACHINES | | , 


Riehle Testing Machine Division, American Machine and Metals, Inc. 
EAST MOLINE, ILLINOIS 


Other Products: IMPACT TESTERS + VICKERS HARDNESS MACHINES 
BRINELL HARDNESS TESTERS + MEASURING INSTRUMENTS 


To the Instrument Man With IDEAS 


el you have designs or patents ment, inspection, testing and 
for post-war production and control. 
sales, the Post-War Product Write to Post-War Products 
Service of The Instruments Pub- am grt i hing 
lishing Company will gladly put ~O™Pany, *lrtsdurgn *<, * enna., 
ARTE T ea ay giving a brief description of your 
you in touch with interested jdea, so that this Service may 
companies manufacturing instru- refer it to the interested com- 
ments and devices for measure- panies. 


man-hours. Write for descriptive literature and quotations. 





This is not the advertisement of any manufacturer or group of manu- 
facturers, but a notice from The Instruments Publishing Company as a 
service to its subscribers and advertisers. There will be NO CHARGE 
to the engineer offering the idea or to the company receiving the leads. 
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; and a stainless steel inner 
tric heaters and blowers cir- 
nd outside of inner chamber ; 










culate 











- b and selt-t cing potentiometer type auto- 
is ye matic te! ture controller mounted at top 
“a Pa ntrols temperature to 0.25°C. Inner 
Cctv amber an independent circulating 

= ower v passes the air over a stain- 
‘ iss steel in which water, lead nitrate 

SUre Switchiilor other solution is placed. Air in in- 
h ner chamber can be maintained at any point 
he Witch etween and 60°C., and the relative 
“ 16e, humidity er temperature stabilization 
; Ole fom ill ar saturation and remain con- 
(above stant it tely. By varying the salt so- 

jution, st | relative humidity percentages 

eae ved and held to +1%. Inside 

aimensio re 36” X 30” X 36” for Model 

NL-B-t-1) and 24” X 24” x 24” for Model 

’ Either may also be equipped 


cording controller. — Northern 
Limited, 50 Church St., New 





Process Timer 


“Tayl Process Timing Mechanism for 
Fulscop mperature or Pressure Con- 
trollers,”” »duction of which was suspend- 
ai soon after the beginning of the War, 





es E-200" (be 
id temperaturg 
> control and 

or temperaté 
ym bination, | 
tro Mechanica 
l & Moore 





Test Cell 


1d “Model NI 

rere ls again available. This device is built into 
of r piq@™mmaker’s single-duty “‘Fulscope” temperature 
conf iw or pressure recorder-controller. For descrip- 


tion see Instruments, Sept. 1940, page 273. 
j Taylor Instrument Companies, Rochester 
chamber withyg N. 3 








Variable Inductors 


New “UTC-VI-C” variable inductors are 
fully-tunable units, each with an adjustable 
range of 3-to-1, the obtainable inductance 
being from half to twice the mean value. 
























| 





F.: Europe’s enslaved millions, 
listening to radios today involves 
danger —and will so continue until 
after Victory, when free broadcasts 
can again be heard without fear. 


Even in America, listening today 
involves difficulty— because, due to 
the priority of radio and electronic 
devices for military service, Americans 
are still using the same equipment 
that has served us since 1941, 


And yet the amazing thing is how 





Where Listening calls 
for Courage 


well—and how many—of America’s 
59 million radio receivers are still 
functioning . . . kept in operation by 
servicemen who are performing mir- 
acles to keep ’em listening. Their testi- 
monials to Jackson’s INTEGRITY 
OF DESIGN—that “hidden plus” of 
all Jackson Testing Instruments—are 
based on excellence of performance 
under most severe handicaps. 


A A : 


Buy War Bonds and Stamps today 















New Jackson Instruments, incorporating the 
advances of military experiences, will be avail- 
able for the vast post-war radio market. Until 
then, maintaining Jackson products is a re- 
sponsibility we shall fulfill as promptly as 
wartime conditions permit. 





Model 652 Audio Oscillator 











JACKSON 


Fine Elechical Testing Insthiuments 


| jabiecl ELECTRICAL INSTRUMENT COMPANY, DAYTON, OHIO 
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Nineteen standard types are 
priority orders) with mean y 
| millihenries to 33 henries. 
gives complete set of curvs : 
The Resourcefulness of the | unit characteristics; also cir ve 
and curves of circuit cha; rae 
N- y. T SAMPLE DEPARTMENT tainable by combining new —  y 
ductors with various other e] . ‘tal - 
/ is housed in a die-cast case, w - 7 a 
«lt known oven tn Botlin and Tokyo: 5 oz. Inductance is varied pb “s : 


8-32 set-screw (which may } 

















“The flexibility of N-Y-T engineering is empha- is Allen set-screw wrench) but DY ag 

sized by the type and scope of its transformer replaced by a threaded rod { f 

designs. Prior to the Defense era, N-Y-T tech- may be attached. New induct 

nicians produced special custom-designed development begun in 1940 

\\units for general precision applications. Then, | positive method of varyin ‘ 

with military preparations, transformers, rectifiers and magnetic-core coil: the « 
solenoids — for practically every phase of electronic ability-tuned r-f. coil .const 
equipment—were included in N-Y-T production feasible at audio frequenci: 


relatively small variation 


The experience gained now in producing for the war : e 
poor Y. New inductor has ré 


effort is helping gear NEW YORK TRANSFORMER COM- 









PANY to peace time requirements for both civilian and vy, wr a l en ¥ Transf 5 
hoa . . ¢ ° . St. l > whe ? r 
. industrial transformer products i trick , New York 138, N. } bh 
Whether your post-wor product in — 
es volves o morine, aviation or indus . "4 é 
FE wot wranstormer for unusual oppli mp Rectangular Hermetically-sealedf#' 
¢. cation or performance, the N.Y T Se: 2 = 1 
x Sample Department con fulfill the aaa 4 Capacitors 


requirement 











New line of rectangular oil 
tors is said to be complete. M 
ard container sizes and in 

| up to 6000 v.d.c.w., these new 

| 

| - 
| , 


NEW YORK TRANSFORMER COMPANY YW | 


24 WAVERLY PLACE, NEW. VOX. B Y 





NAMEPLATES, DIALS 
GAUGES, MARKINGS, 
LETTERING, TRADE 
MARKS, ETC ON 





sau euhdale Easy to Read Accurately | ¥i! meet Army and Navy  specitication 
including total salt-water subme yn tests 
from any Working Angle Capacitances of available units 1 rot 
STURTEVANT TORQUE WRENCHES are not only 0.1 to 10 mmfd. Prompt delivery 
accurate when new, but retain this accuracy perma- —The Capacitron Co., 318 W. & ller St 


nentiv. However, much of this inherent accuracy would 
be useless were it not that the dials 
on STURTEVANT Wrenches are s0 
designed that they assure accurate 


Chicago 10, Illinois. 





readings at ali times and from ail so. D4 ~ plaue 
working ongies. . Sensitive Multi-pole D-c. Re lays 
Dials on STURTEVANT Wrenches dd New “Type 27” sensitive mult le re 









not have glass faces to glare, reflect, ay 7 : . sesh as id 
refract, crack, check, stain or break lays € mbody an improved desigt ld d 
The indicator pointer holds its fixed sign is shown at left; new design right 


position—the clearly marked culibra- Top contact structure has been 
tions passing laterally below it. The 
' tip of the indicator pointer just clears 
R \ each raised or sharply depressed mark 
\ (you cannot cross-read below it). It 
\ is flared perpendicularly to screen out, 
\\ adjacent calibrations and prevent mis- 
\ readings from side angles, Like the 

measuring element of STURTEVANT 
= Wrenches, these improved diais 
“7 are permanently accurate, chey 
” require no periodic re-settings. 


BUY WAR BONDS 








Facilities for complete mark- 
ing production— any quan- 
tity, on any surface. 


MULTI-MaRK Screens made up 
for any design; reproductions 
may be made directly on your 
products without special ma- 
chinery; complete directions 
furnished. 





on the 3-, 4- and 5-pole relays. 
all coil and blade contact termi! 
located on an overhanging Bakelit 
Relays with the new top contact 
require less mounting space 

stronger mechanically. New re 
recommended for applications w! 


Write to ms for information on 
marking problems ... we've bad 


experience with scores of them 
and may be able to help you. Write for Bulletin TW-13 Showing STUR- is limited, where heavy contact 
TEVANT Torque Wrenches in capacities to be handled, where vibration o: 


MULTI-MARK DIVISION Wom, 6-40, inch onpess to 7800 tack Beenss. encountered, and particularly wht 


input to coil is limited, such as w 


Colonial Process Supply Compan ating in plate circuit of electron tubes. ‘gg’ 4 
wy a PA STurteva nT CO. two-coil design contributes toward © Ti pha 


136 West 23rd St, NEW YORK ADDISON [QUALITY/ 1 LINOIS Magnetizing force losses at armatu:e hins ua 
A RIN AE ARE A SIEGES two-coil construction allows a greater nu RFinis 
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irns for a given resistance, 
greater number of ampere 
umework provides exceptional 
ffects of high acceleration, 
yn or shock. Semi-balanced 
vides greatest possible vibra- 
within limited space. Contacts 
wiping action. Contact gram 
.djusted without bending con- 
irmature is adjusted without 
restoring spring tension is 
lever arrangement instead 
: ot} ng the spring. These last fac- 
ict Pride er toward stability over long 
ti ee e, Depending upon available 
- a n coil and circuit character- 
0 : sh capacity ranges up to 10 
tri A #e 4 ae nuous at 30 volts d.c. on induc- 
g s circuits based on operation 
‘ete i altitude. Coils are both var- 
elat ay ae uum-Wax-impregnated and all 
fe ( oi w , ire either non-corroding or are 
V. } E avily plated, Will withstand severe hu- 
as well as the Army-Navy 
‘hou t-spray test (Spec. AN-QQ-91). 
ically-sealed ambient t perature range —40° to 90° C. 
} woicht 4 to 6144 ounces, depending upon 
chaste of poles.—G-M Laboratories Inc., 
ee ee 30 “No *h Knox Ave., Chicago 41, Illinois. 
M ee: 


— 
VO 
















Attenuators with New 
Detent Gear 


New improved line of attenuators features 
tent gear, new materials and new 

cover. New detent gear is said 
L provide more positive action, greater de- 





gree of accuracy, more uniformity in oper- 
a longer life and a_ stronger stop 
mechanism. Contacts and switches are 
nc Relay made of tarnish-proof silver alloy. Cleaning 

: } and lubricating of contact points are com- 
multi-pole req@ppletely eliminated. New type steel cover 
sign. (Old deg™#provides improved magnetic shielding; body 
sign at right of cover forms part of attenuator assem- 
en bly, protecting the resistors. A snap-on cap 
gives ready access to switch blades and 
contacts.—The Daven Company, 191 Central 
Ave, Newark 4, N. J. 




















Resistors for High-voltage 


Discharge Circuits 


New “Meg-O-Max” resistors utilize an 
absolute minimum of critical materials, are 
apable of operating at high voltages and 
embient temperatures, and also capable of 
dissipating power. They are claimed to 
present a degree of resistance stability and 
mechanical ruggedmess unavailable in any 
other type exclusive of costly and hard-to- 
set wire-wound instrument multipliers such 


ys. Formerly, 
rminals wert 
celite bracket 
‘act ure 





re =oand a maker's “Koolohm Meter Multipliers.” 

relays Actually, “Meg-O-Max” is said to be su- 
wher berior to wire-wound types where broad 
uct tolerances are permissible: can be made in 
n or shoe much higher resistance values for a given 
whe Physical size, and can handle even higher 
s when operg@oltages. “Meg-O-Max” resistors are formed 
yn tubes. THEOL a series of pressed and sintered ring- 


ard «iTicienciM#shaped segments electrically joined in such 
nature hinshg® Way as to cause units to be non-inductive. 
greaicr nU—#Finished units are encased in harmetically- 














This man at the bench is not a Hero with medals, and no 
glory awaits him when his job is done. Unseen and un- 
sung, he is on the job every day, working with hot glass, 
behind a fierce flame, with delicate fingers and skill, build- 
ing one of the finest thermometers for his country's needs. 


In your Post War plans, temperature will play a major 
role and you can be certain of ultimate results in your 
manufacturing processes, IF you give serious thought 
NOW to using only GOOD Thermometers. 





PALMER thermometers give you: 
1—Precision and guaranteed accuracy; 
2—Sturdiness and long service; 
3—A bright RED column... so easy to see 
with “‘Red-Reading-Mercury.”’ 


CLIP THIS AD AS A REMINDER 
(CATALOG ON REQUEST) 


THE PALMER COMPANY 


MFRS:—INDUSTRIAL ... LABORATORY ... DIAL & RECORDING THERMOMETERS 
2511 Norwood Ave., Cincinnati, Norwood, O.—Canadian Plant: King & George Sts., Toronto 





USED BY AMERICA’S LEADING MANUFACTURERS 


TRU-VAC 


GES 


U 
uuM GAY 
vac (Pirani Type’ 


Shown at right is meter box of our No. 6 gauge giving 
accurate, dependable service in all types of operations 
ORDERS ACCEPTED FOR EARLY DELIVERY 


CONTINENTAL ELECTRIC COMPANY 


GENEVA, ILL. 


903 MERCHAN 
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telescope is {ur- 
nished by a 
Bodine NSY-12 
Synchronous 
Motor. 





12 inch Newtonian Photographic 


Reflector at Rensselaer Polytech- 
ri- Inctitute 


BODINE 


NAME 
PLATES 


SCALES, GAUGES, 
CALCULATORS, 


@ impervious to moisture, grease, 
oils, acids, alkalis. 

@ Printing | ems, not to wash 
or rub off. 

@ Non-inflammable, non-corrosive 
plastic. 

@ Printed and laminated vinylite and 
cellulose acetate. 


SAMPLES AND ESTIMATES GLADLY SUPPLIED ON REQUEST 
WRITE DEPARTMENT 


THE HOPP PRESS, INC. 


PRINTING 


FABRICATING FORMING 


460 W. 34th STREET, N. Y. C. 


ESTAGLISNEC 893 


Page 450—Instruments—Vol. 17 


FRACTIONAL 
HORSEPOWER 








Designers of motor-driven pre- 


cision instruments must select 
precision-built motors. The _ in- 
strument itself may be a model of 
perfection and accuracy. Yet, if 
the motor is not of the same de- 
gree of high quality and workman- 
ship, the instrument will suffer ac- 
cordingly. 


Bodine has built precision frac- 
tional horsepower motors for 35 
years in all sizes and all types 
windings and frames. Within that 
time they have perfected a build- 
ing technique that is highly re- 
garded in the instrument field. 
Many manufacturers have stand- 
ardized on Bodine Motors because 
they know they can depend on 
Bodine quality. Bodine Electric 
Company, 2244 W. Ohio Street, 
Chicago 12, Illinois. 


MOTORS 








PYRO opticat PrROMETER 


ELIMINATE WASTE and 
GUESSWORK! 


By using PYRO, a 
self-contained, DI- 
RECT READING, 
sturdy unit made to 
stand rough use. It 
is absolutely accu- 
rate and dependable, 
and quickly pays for 
itself. 


Unique construction 
enables operator to 
rapidly determine 
temperature even on 
minute spots, fast 
moving objects, or 
smallest stream; no 
correction charts, no 
accessories, no main- 
tenance expense; Spe- 
cial “FOUNDRY 
TYPE” and “Univer- 
sal TRIPLE RANGE” 
have, in addition to 
standard calibrated 
range, a red correc- 
tion scale determin- 
ing TRUE SPOUT 
and POURING TEM- 
PERATURES of 
molten iron and steel 
when measured in 
the open. 


Stock ranges 1400° F. to 5000° F. 
Write for Catalog No. 80 
Immediate Delivery for Defense Plants 


THE PYROMETER INSTRUMENT CO. 
Plant & Lab 


103-107 LAFAYETTE ST., NEW YORK, WN. Y. 
in Canada, Sales and Repair Laboratory: 
Dominion Flow Meter Company Limited 
Toronto and Montreal 
































sealed glass envelope with 1 “ee 
nals, capable of withstandin; rate * 
bration tests, salt-water im; pee. 
and mechanical shocks produ 
acceleration. These new resi 
suitable for use as high-volt 
coarse-accuracy multipliers f; 
dicators, various uses in high 
works, measuring equipment, fler 














tems, high-voltage voltage 4 ve 
They are available in two le om, 







1” 5%” long, range from 3600 oe 
megohms; “Type 2” 938” long eae 
6800 ohms to 100 megohms.- 
cialties Co., Resistor Div., N 
Mass. 








Cable Tension Meter 
Newly-refined cable tension ter wa 
originally developed during W: 
is said to be playing an import 
the erection and maintenance 
than-air craft; and to have 
applications in aircraft and elsey 
it is desired to test the tensior 
wire cables, instrument is attac! 
cable running lengthwise thro it 
cable is deviated or “bent” from 
course, within the instrument, an 
required to so “bend” it is measured. 
force, proportional to tension 
indicated on dial. On hard wire 










































































nstru 
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tands 

ale | 

nstan 

blank 

ested, 

Indica’ 

match 

Additi 

ince 

price 

lay 

quanti 

ists i 

tion is influenced by the bending stiffness m™mmeadir 

of the wire itself. However, new instrument Mastru 

incorporates a compensating device which Mmm. ( 

adjusts itself automatically to each size and Mnstru 

stiffness of wire measure. Length and shape Miubes 

of new instrument are said to permit a MiMicati 

longer length of cable to be measured “than Mar re 

is possible on other types of meter.” It has Hibrate 

a maximum range of 3,000 Ibs. on wire and Bihatioy 

rope cables up to 7/16” diameter. Instru- BBpost 

ment is constructed of aluminum alloy and Bic, 

steel, combining lightness and strenth, and Hj.o), 

is said to be “the simplest and most rugged HM... 

indicator of its kind.”—Goodyear Aircraft bratio 
Corp., Akron, Ohio. 

beterr 

bensit 

once! 

Four-way Valves fo: * 

1t ’ 


bands 


Hydraulic Servos 


New lightweight “Altair” four-\ 
draulic selector valves, for %”, 14” and 
tube size, incorporate self-seating 
poppets of exclusive design which 
necessity for inserted seats. These 
wear “in” instead of “out,” can be 
without disassembling connecting | 
one-sixth the weight of steel, ar 
mounted, have withstood 5650.00( 
without exceeding leakage requi 
Cored fluid passages in molded a! 



























on ter w 


Wo War 


DOrt part 
























lighter, 


nother feature: oval instead 
ross-section, they are said 
iter flow area, minimizing 
without increasing size and 
Easy-opening characteris- 
lve results from. specialiy- 
t compensating for increased 
In %” unit, an alternative 
ble with integral check and 
Che latter guards against pres- 
due to thermal expansion by 
ape of fluid to reservoir when 
ts lines form a closed system. 
ive for %4” tube size is also 
New valves are made for 
perating ssures up to 1500 Ibs./in.2. 
soy range in weight from 11 oz. for the 
* to 26 oz. for the %”.—Pacific Div., 
pendie Aviation Corp., 11600 Sherman 
way, NO Hollywood, Calif. 
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Photoelectric Color Comparators 













oe ; New Models “400A” and “400G” “Lume- 
Y Othee  colorimeters” are designed for practi- 

sewhere, Whequmron Colorimene’ 

sion in rope 4.1 colorimetry: are suited for colorimetric 

ached with o 4 turbidimetrie tests in chemical analysis 

iro it. The well as for color matching of liquids. 

om Straight 

» an he forcg 

neasured, Thi 

n in cable, is 

ire this devia 





ling stiffness 
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mach size and 
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Both operate with regular full-length test 
bes as sample holders. Operation is said 
be “so simple and self-explanatory that 
ven the untrained user will master it the 
ery first time.” There is no danger of dam- 
ging the instrument by faulty operation. 
nstrument is operated from the power line 
nd is immediately ready for readings. It is 
tandardized by setting the needle on full- 
le deflection for the blank which, in most 
instances, is distilled water. Then, when the 
lank is replaced by the sample to be 
ested, the reading of the latter is directly 
indicated by the needle. Twelve accurately- 
matched Pyrex test tubes are furnished. 
dditional matched tubes are available. Or, 
ince test tubes can be purchased at low 
price from laboratory supply houses, user 
may select his own matched tubes from a 
huantity of unmatched tubes. Matching con- 
ists in selecting tubes which give the same 
eadings when filled with the same solution, 
nstrument is designed for test tubes of 18- 
mm. O.D. but, by removing a Bakelite plate, 
instrument becomes usable for 22-mm. O.D. 
bes. Circuit comprising photocell and in- 
lcating instrument is designed to give lin- 
ar response. Therefore, it is easy to cali- 
rate the instrument for a given determi- 
lation, straight-line plots being obtained in 
most tests. Indicating instrument dial car- 
es a transmission scale and a density 
ale. This makes it possible, in many in- 
ances, to get along without graphs or cali- 
ration tables. A calibration factor can be 
betermined which, when multiplied with the 
fensity reading of the sample, gives the 
oncentration of the unknown directly. The 
Ix highly-selective color filters which come 


















ith the instrument isolate definite spectral 
bands without “leakage” at other wave 
engths. They appear rather dark to the 
ye. Their use is made possible by the 
rmits to employ, for special determina- 
ons, filters isolating even narrower wave- 
bands in the filters furnished regularly 
ith t instrument. Identical filters are 


ised in “Model 400-A” and “Model 400-G.” 
Model 400-A” is equipped with an indi- 


patine istrument of the jewel-bearing type. 
is rapid in action and gives immediate 
adines. “Model 400-G” is equipped with 














Dial Indicating 


Indicating and 








gas actuated. 


Industrial types 


able glass front, 





Send for 





IN PRODUCTION and 
RESEARCH, wherever com- 
plicated physical or chemical 
processes are involved, 
Weksler precision instruments 
are definitely needed! 


easy-to-read 4!/,", 6” or 8!/2” 
dial, in latest phenol con- 
densate case, and are mer- 
cury, vapor or ges actuated. 


types have 10” or 12” chart, 
and are mercury, vapor or 


shape bronze case, remov- 


or yellow back mercury tube, 
and with any desired stem. 


Glass Precision Thermometers, 
Hydrometers, Psychrometers 
and Hygrometers are made 
in various scales and ranges, 
for many definite duties. 


new folder No. G 20. 


Weksler Thermometer Corp. 
52-56 W. Houston St., 
New York 12, N. Y. 







§ —a Weksler 
Instrument for 
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types have 


Recording 


mye 


have 





red reading 











interesting 

















WANT 


Manufacturers 
and Distributors 
For Post War 
Instruments 


Electrically indicating, for 
remote indication, recording 
and control, 




















Advanced instrument de- 
signs developed for defense 
work are now becoming 
available for post war in- 
dustrial and aircraft use. 


Manufacturers and distribu- 
tors are invited to submit 
their requirements, 


Box 90 
INSTRUMENTS PUBLISHING CO. 
1117 Wolfendale Street 
Pittsburgh 12, Pa. 
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— - an indicating galvanometer of 

: suspension type, said to be 
rugged and shockproof.” Bot} 
cally equivalent in performar 
tinction being that 400-G h 
voltage stabilizer, while 400-A 
ing test tube carrier which i: 
rated in 400-G. In buildings w + 
ject to appreciable vibrations oA toma 
sometimes be preferable on a re. 
jewel-bearing indicating instry te 
the a-c. power line has no c: 
quency or where only direct cu 
able, 400-G is more suitable by 
be furnished for battery operat 
volt Corp., 95 Madison Ave., N: 
















Precision Manometer 

New mercurial manometer 
unusual features has a wid 
uses, functioning equally well a 
eter, barometer, differential 





ESSENTIAL INSTRUMENTS OF WAR 


On the Front Lines, communications systems must not fail. It 
is the job of our Test Instruments to kee p these vital systems 
operating at top efficienc y- 


On the Production Lines, our Test Instruments are used to 
accurately test and measure the quality of electronic war 
equipment before it is shipped to the Fighting Front. 





Until Victory is won, we are determined to maintain the 
Boonton Radio standards of quality and dependability, while 
producing and delivering these Essential Instruments of War. 





DESIGNERS AND MANUFACTURERS OF THE “Q” METER... QX-CHECKER ... FREQUENCY MODULATED SIGNAL 
GENERATOR . .. BEAT FREQUENCY GENERATOR... AND OTHER DIRECT READING TEST INSTRUMENTS 





There's NO SUBSTITUTE for WHEATSTONE BRIDGE | 





{Two portions suppressed to shorten 
tion, which otherwise would be 6%” 


| dicator and differential vacuum 
| It is said that ease with which obs« 
can be made gives new manomet 
| utility in chemical industry. It is « 
| adapted to checking and calibratir 
instruments. Full temperature con 
over any selected range of 30°C. i 
by setting a graduated knurled 
ambient temperature, thus obviat 
for applying temperature corre: 


any: 
P OPTICS 


Tinsley Laboratories’ 
EXPERIENCE in Precision one 
and Instrument manufacture— 

—their leadership of the West 
iu quantity-quality production of 
Optical Elements for the Armed 
Forces— | Rubicon Wheatstone and Kelvin Bridges 

are 4 guarantee that your | gre available in a number of types to suit scale readings. Another feature Ah 
requirements for . “lore : type indicator: a thin horizontal : 
various applications. All are made in | is mounted on top of a stainless 











LENSES | accordance with the highest traditions of | which rides on top of the mercur’ 
| . , Thin edge of disk gives hair-line i 
PRISMS | the instrument maker's art and are fully Sohiiaie be. neemek..44 an. 
FLATS guaranteed. possible by a built-in focusing 
| which slides vertically on the ! 
MIRRORS Described in Bulletin 100 which also lists | supporting column. When used as 
National Bureau of Standards and other | ®te™, @ unique method of | s 
PARTS AND A vacuum is employed: level of m¢ ry <a 
standards of resistance. raised a short distance above a ns 
ASSEMBLIES tion at upper end of mercury t then 
Copies available on request. a stainless steel needle is fore 
will be competently and a ground glass seat, accurately la 
reliably executed! the constriction. This forms ar 
; mercury seal against air leaks an 
INQUIRIES WELCOME loss of vacuum. Factory calibrati 


RUBICON COMPANY scale to compensate for changes :! 7 : YS 
Tinsley Laboratories Electrical Instrument Makers between psy Bap ‘and Lorre i 


unnecessary usual ~ a 

Berkeley 4, Ridge Ave. at 35th St. Philadelphia 32, Pa. ment for mercury meniscus in ee Rs 
California Plugs and checks prevent mercury 1ag 

es =O) the well during any normal 
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ard calibration is from 0 to 
1ercury, instrument can be 



















be e 
Both ; y other desired calibration 
ra Pr bars, inches of mercury, or 
= “= 7 in accordance with Smith- 
0-A Pisa » Meteorological Table No. 51, or in 
h fe riedhaes rdan ith U. S. Standard Atmos- 
i st Incorpo iI e & Tiernan Products, Inc., 
ions ” ’ 
mM ace "a 
strur . 
0 cor ace System for Rapidly 
ape 25 Millionths of Inch 
e be . . 
erat D} ator” system embodies unique 
, New York cw f features said to make possi- 
4 VE. at low operating and maintenance costs, 
e rapid ection of mass-produced parts 
nometer 0 0,001”, 0.0001” or even to 0.000025” 
; shen necessary, @8 well as other advantages 
ver with sever wer all solid type gages and over various 
a ow « regage systems employing different princi- 
*" a Mano ieg New system consists essentially of the 
é I re P 
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Metricat instrument (Fig. 1) which is 













of standard design, and a gaging head 
designed for the application, such as O.D., 
LD., straightness, lemgth, taper, concen- 
ricity, ete. “Metricator” instrument regu- 
lates air flow and indicates variations. 
Standard amplification factor is 4000, so 
that 0.001” is represented by a four-inch 
length on instrument’s. scale. Operator 
fatigue is thereby minimized, because ten- 
thousandths can be read from a distance, 
and only for reading hundred-thousandths 
need the operator stand closer than three 
or four feet. Higher or lower amplifications 
ere available. Air pressure required is 
approx. 1 lb./in.2 and is easily obtained: 
if plant supply is high-pressure, a line regu- 
Hator will supply 30 to 50 Ibs./in.2 and a 
regulator at instrument will further reduce 
to desired value. Changes in line pressure 
cannot affect accuracy of readings because 
Constancy of reference pressure is main- 
tained by keeping water in instrument at 
Proper static level—easily corrected daily 


ty adding water to compensate for evapo- 
tation. Principle of measurement is indi- 
cation of air flow between part being gaged 
And specially-designed measuring orifices. 
There are two measuring orifices in each 
faging head, each recessed with respect to 
outer skirt of gaging member. Thus, pro- 
pective kirt can wear considerably before 
4 act | measuring orifices can be affect- 
*d. Until that point is reached, the initial 
ey is maintained and there is no 


progressive gage wear allowance 
use of gaging members which 

ane ntact. Wear of protective skirt 
“cing immaterial up to that point, life of 
such iging head, even in severe service, 
times the life of other types. Gage 
Forms: Figs. 2 and 3 are among 


4s in 


is may 


Head 
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=¥OU CAN” 
TAKE IT 
WITH YOU 


~ HATHAWAY OSCILLOGRAPH | 
“The last word in performance and portability 


Available Soon—Order Now 


os ae tee 
- = - 
- - + = 
- = - - o 
- 





The ideal instrument for portable 
use, such as geophysical work, field 


testing, and aviation flight testing. 


Ten channels: Galvanometers avail- 
able covering wide range of char- 
acteristics: Daylight loading of 6- 
inch paper or film: Recording 
speeds quickly adjustable: Auto- 
matic record length control: Au- 
tomatic record numbering: Simul- 
taneous viewing and recording: 
All controls convenient on top 
panel. Early delivery. Hathaway 


Instrument Co., Denver, Colorado. 








Size 8° x9" x 18" 






ry, rite for Bulletin and Prices 





To the Engineer, Physicist 
or Chemist Who Seeks 
A PERMANENT JOB 


F YOU are an engineer, physicist, or chemist now working for a company 

whose war contracts are terminating there may be a permanent job for 
you with one of the leading instrument manufacturers. Most of these com- 
panies are still working full time on war work. As soon as their war con- 
tracts are completed, postwar projects will be ready for action with plenty 
of opportunity for creative development work. Interested? Write Employ- 
ment Service Instruments Publishing Company, 1117 Wolfendale St., Pitts- 
burgh 12, Pa., giving complete professional and personal data. U.S.ES. 
consent and release statement will be required. 


This is not the advertisement of any manufacturer but a notice from The Instruments Publishing 
Company as a service to its readers. Names will be made available to prospective employers. There 
will be no charge to applicants or te prospective employers. 
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those announced for slots ar 
Numerous other forms 

for diameters, tapers, dept 
manufacturers announce ear] 
of many other standard forr 
special shapes as ordered b 
Multi-column “Metricators”’: 1 


esis - ne ' Te tS iG seg ments are for simultaneous 
of several liameters, shoul 
ELIMINATES NAME PLATES | depi°S5"ucteien fabo3 
Detroit St., Ann Arbor, Mich. 
ON FRONT PANELS 


A proven method for placing durable characters 
on metal panels, chassis, etc. 





Combination Micromet: 

Dial-indicating Compa 
New “Model 120 B-1 Micro 
with Micrometer Head and 
* Inlaid baked. enamel characters, Thread Attachments” is a comi 
protected by background finish; re- strument of exceptional versat 


s = ; for production inspection as wel] 
sistant to abrasion and salt spray; merous tool-room uses, Combi: 


guaranteed to pass 50 hour salt crometer head and dial-indicator 
tor provides a convenient inst 
spray test. tool rooms and small shops ha‘ 
: _ laneous job lots of duplicate 
* Front panel will match finish of The micrometer head takes ths 
cabinets. gage blocks and the dial indi 
parator provides an instrument 
*% Recommended and endorsed by yw siSeg: faster than the usual micromet 
aint vf eintatares of elec- 3 s yf ay also less subject to human varia 


: 7 7 . comparator incorporates its ow: 
tronic, sound and communication micrometer head obviates need f 


equipment. 


com- 
PROMPT DELIVERIES—Send us your bare fabricated - ‘ 
steeLand within two weeks we will 
return it finished and marked to 


your complete satisfaction. 


| SILK SCREENING 2 cause 

1 ¥ on front panels and we . F by : 
2 chessis, either metal or ako lion 

oo thous 


plastic. Sharp clear char- eae 


64 FULTON STREET * NEW YORK 7,N.Y.°°'e"s Surably printed a “ia throu 


on finished or unfinished ment 


Tel.: REctor 2-9867 surfaces. “rT 


affec' 
stant 
Com] 
ing @ 

















| Interval Timers | "any | 





Process Timers 





instr 
adap 
wher 
may 


e ° 2 lai Peees ato) 3 
plete set of gage blocks for setting | in- 
: : é ° a awa; 
ignd mers dicator to required dimension: 1 nd ; 
* ere ac 








gage blocks (furnished as extra 
user to set gage by means of n 
weave to any dimension within 4” vertica 








: , : i ity. Total capacity is 8”. Micromet 

— ; e e facilitates inspection of thread pit 

: this t hes eters by three-wire method (usua 

10,000 ITEMS h, FREE Time Swi C wire formula). An auxiliary we 

IN STOCK! nishes additional pressure  requi 
800 Page LZ 


coarser threads. “Federal Super-s 
FAST DELIVERY Buying Guide —_— — Low Friction Dial Indicator Mode! 
Assured on Priority Available solely 


ke enthovinel is graduated in 0.6001”, Large dia 
uthorize 
RADIO PARTS purchasing 


micrometer thimble permits gradua 
Sieiaharenmih eva e a Ss 0.0001” directly on thimble. Micro-c 

RADIO TUBES gineers who tor is also used for direct measuring ¢ 
write to us on with a constant contact pressure by 


and company letter- dial indicator at zero and using tl 
head. Address 


stent sta 
oe ° oe tion as a reference. Gaging unit, s 
INDUSTRIAL Pox J. =. Rie & 














on a rigid 2” column, is quickly p 


a! by rack-and-pinion and handwheel. - 
ELECTRONIC Telephone a nance 1e€¢€ 


prevents the head from dropping 
EQUIPMENT BArclay adjustment or swing of the head : 
7-1840 possible to set sensitive contact at 
positions from edge to edge of anvi 

quired. Reversible anvil is smooth 
S UJ i S A D H SSS ELECTRIC side and serrated on the other. It is 
and lapped flat. Backstop is adjust 


& ELECTRONICS co MANUFACTURING co. height and also for depth, Maximun 

° depth (contact-to-column) is 3% 
ne ‘ K7N.Y MANKATO, MINNESOTA weight approx. 62 lb.—Federal P 
212 Fulton Street, New York 7, N. Corp., 1144 Eddy St., Providence 1 











Page 454—I/ nstruments—Vol. 17 





: Mul: range Comparator 

Now New “I ynic Comparator” is for rapid 
nd nectiOl nished parts on the produc- 
ie. ; measurements of mechanical 
by + SRS nensiOr extremely close tolerances, 












































































¢ dimen : : 
T * fae: nis un flexible and versatile be- 
ins ru. » = 
in 
ents 
oul es ts 
ori gre 
° Ly 
417 
mete and 
npa: ‘or 
cro n Lrator 
nd Wine 
Oomb tion in 
in. 
Satil usefy) 
well Or te 
mbir n mi 
‘ator 1 \Dara 
nsti nt for 
hay niscel. 
te w kpiecey 
the place of 
ndicator com. 
rent which js 
mete ind is 
Ariat 3. This 
owr aster 
-d for a com. 


cause magnification can be varied at will 
by simple electrical controls: from mil- 
lionths of an inch to ten-thousandths or to 
thusandths. Variation in sensitivity (or 
range) is accomplished by turning a dial 
through three positive stages of adjust- 
ment. Changes in sensitivity do not affect 
wro adjustment, nor does zero adjustment 
affect sensitivity. Spindle pressure is in- 
stantly adjustable from 0 to 20 ounces. 
Comparator. consists of a rigid stand carry- 
ing an anvil, an electric gage head, and an 
electrical indicating instrument. Electrical 
wro and magnification adjustments are 
made by means of convenient controls. Volt- 
age output of electric gage head actuates 
the indicator. Electric circuit includes coin- 
pensation for normal voltage and frequency 
variations so that the instrument may be 
operated from any 115-volt 60-cycle light 
socket. Reading is at convenient eye-level. 
No special skill is required of operator. New 
instrument is said to be particularly well 
adapted for use in multiple-gage fixtures 
where any number of important dimensions 
may be measured simultaneously.—Hath- 
away Instrument Co., Denver 10, Colorado. 





Portable Comparator 


New “Precisionometer” is a portable in- 
dicating comparator for use by unskilled 
operators to take measurements said to be 
of “beneh comparator accuracy,” without 
















Ingenious New 


Technical Methods 


Presented in the hope that they will 
prove interesting and useful to you. 
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New Precision Step Drill Grinder Simplifies Production 
and Maintenance of Step Drills 


The quality of a step drill produced by common 
methods depends almost entirely on the skill and 
attention of the individual tool maker. However, 
with the development of the precision step drill 
grinder, the human element has been entirely 
eliminated, the characteristics of the step being 
completely controlled by the grinding machine 
without adjustments during the course of grinding. 
This automatic feature insures absolute uniform- 
ity, regardless of quantity, and permits large- 
volume production of step drills. 

The apparent advantages gained through the 
use of the step drill grinder are: Permits mass pro- 
duction of drills ground to exact specifications, “y, : - 

. : . e above illustration shows mechan- 
entirely independent of the human element. Main- leal design which requires @ hele hav- 
tenance, too, is no longer an obstacle as step drills ing diameters diminishing in steps. 

roduced by this method are quickly sharpened This is an operation for step drills 























y the same uniform machine-controlled opera- which has often been neglected due to 
tion. With the step race ag step drills can now go g and 9 
be made from standard drills. These advantages re- step drills. 





sult in a wider application of step drills which pro- 
vide a definite saving of machine tools, man-hours 
and cost;thisin turn results in greater production. 
You know there are plenty of benefits in chewing 
gum, too. That’s why all of the Wrigley’s Spear- 
mint we're able to make from our available stocks 
is going overseas to our fighting men and women. 
You know what a lift it’s been on the job and we 
wish we could supply everybody, because we have 
ride, too, in our workmanship and productivity. 
ut there just aren’t enough available top quality 
raw materials right now to do it. When we can pro- 
duce it in sufficient quantity, it will be back to you 
with the same fine flavor and chewing satisfaction 
... Wrigley’s Spearmint has never been changed! 
You can get complete oq me from Spiral M i 
Corp., 5022 North Kedzie Avenue, Chicago 25, Ii. 




















The ONLY handbook of its kind 
MAINTENANCE AND SERVICING 


OF ELECTRICAL INSTRUMENTS 


By JAMES SPENCER, in charge of Instrument and Relay Dep't, 
Westinghouse Elec. & Mfg. Co., Newark, N. J. 


SHouLp be of great value to all those Keprints available 

: INSTRUMENTS PUBLISHING Co., 

1117 Wolfendale St., Pittsburgh 12, Pa 
duction as well as on war equipment. Enclosed is $ for 


Cloth, xii + 256 pages, 5 X 81% inches, =copies of Maintenance and Servicing of 
: Electrical Instruments (at $2.00 each). 

274 illustrations. 8 Neme 

Price, $2.00 postpaid 3 Address 


- 
Check, money order or cash must accompany order, 3 City 


whose problem is to keep in operation 
the electrical instruments on vital war pro- 
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| removing part from machin: 

that in some cases it is not ; 
| 
} 
| 


a to stop the machine while n a sy 
> models are available having r om 
PRECISION SCALES = 22 — 
| and backstop are faced with eat 

| bide. Illustration shows “Mo pide 
A T A T TRA CTl VE P R | CES \ |} 1” to 2”, complete with star a 

2 = |} Instrument is “checked each t 
| by placing it in the stand 

| when not in use.” There is no 










~ | between moving parts in in 
Even in | provision is made for auton 
; | pensating for temperature c} 

SMALL | said that “the only errors of 


Q e,¢ are those - ba indicator itsel 

is protecte rom shock, is s 
vantities finest full-jeweled, low-frictic 
cator commercially available, 
ten-thousandths of an inch. “ 
eter” is said to be lighter and 
pact than other portable comp: 
designed that measurements < 
directly adjacent to shoulder 
obstructions, and so proportion: 
clear usual obstacles found 
In many cases, direct measurerm: 
taken in places usually consid 
] sible, such as in undercuts and 
i Bellwether Labs., 7280 Clinton 
' Darby, Penna. 


gsine 


st i. 4 E 
1% 8 1 duntiitl B 
Vast tiiiih 








You may need only a few 
scales—3 or 4 or more. Al- 



































though such quantities are hin 
uct 7 Blue-sensitive Phototube 
ordinarily in the hand drawn Our special Syl-o-ette process | New “CE-29”" blue-sensitive phototube | 
: - | an improved type, using an ocial five-piy 
class, on. oe supplying them enables us to do this—and | base, interchangeable with similar tube for t 
in these small quantities (as with notable accuracy. Prompt | produced by other manufacturers. It is ¢ 
| mensionally ilar tg 
well as larger amounts) hav- delivery. Write or wire today. the “CE-30" waich 
. . | # _ pes said t have becomé 
ing the sharpness of printed vega aati TE 
dustry.” With th 


numbers and characters. 


two tubes, it is : 
ble to convert an equ 
ment from being 
sensitive to blu 
sitive and 
by simply interc 
ing the phototi 
“CE-29” is parti 
ly useful with 
sources ricl 
blue, and greet 
In many 

it is said, 
will poss¢ 
tages even with ligh 
sources which produce considerable re 
and infra-red light. Though “CE-29” 
sensitive to red and infra-red light 
sensitivity on an energy basis 

ten times that of conventional red 
phototubes. RMA spectral sensit 
nation is S-4. Several other types with 
ferent dimensions will be availat i 
near future.—Continental Elect) 
Geneva, Illinois. 





CORPORATION 
10884 BEREA RD. * CLEVELAND 2,0H10 [J 





TEST INSULATION /| 
THE MODERN WAY 





RING | 
VARTE! 
























MOISTURE CONTENT ; 
| Optical Flats 


of lumber checked in New “DoALL” optical flats art laime 


THREE SECONDS __ | coetiecient of expansion, They are 


eee WITH A 
| fused Brazilian quartz which h 


MODEL B-5 At the press of a button, Mois- 


mEGOHMER | ture Register detects and meas- 


NEW BATTERY-VIBRATOR TYPE | "es moisture by the use of 


No more tiresome cranking of a hand-driven | electronics. 

generator. Entirely self-contained. Steady ° ° , 

test potential of 500 volts D.C. available | Calibrated with a direct per- 
at the touch of a switch. Direct reading in centage reading dial, with a 
insulation resistance. Various new models range from zero to 25 per cent. 


and ranges. 


Write or phone for Bulletin 430 Completely portable and self. 


contained. Anyone can oper- 


ate it | hardness of seven as compared wit! six {" 
. . | optical grade glass. Having a m lowe 
Write Dept. | today for complete information. | Coefficient of expansion than optic\' 5’ 
| they are said to remain flat after «onsi¢ 
COMPANY, INC. root 
f f 


~y ie RIES: MOISTURE REGISTER co. able handling. Six sizes in dia 


PARK F 2”, 3”, 4”, 5”, 6”, and 10” are uilabl 
133 N. GARFIELD AVENUE, ALHAMBRA, CALIF. pt 





HERMAN H. 


each in a hardwood case. “DoALI 





Page 456—ZJnstruments—Vol. 17 





BARBER-COLMAN 


Indicat 
to be th 
lal indj 
luated ; 
isiono’ 
Ore com 
TS; isg 
be takes 


at ME ie Se) || POWER UNITS 
oct iacallls SRaeecragetiply || (|) FOR CONTROL — F pemote-BULB 
nm ha. Cell Vo a veWGoumeer so APPLICATIONS THERMOSTATS and 


Rd., Uppe . 

: pr Gerth... meoning | Use these motor-driv ni : 
2: a. <8 pee amtor-driven waite ae MICROTHERMS 

haiaile i to accurately operate valves or 

otu : : = ‘ 

anes dampers of all kinds in: auto- Sensitive, rugged, accurate in- 
$e ego 4 matic control systems. We sertion - type instruments for 
etal five-pig fee a a ~egaei : : 
similar tube ee offer a comprehensive line of operating control systems 


rers. It ied a : d : d dabl from small changes of tem- 
Saget de. 2 as y rugged, accurate, dependabie perature in vats, tanks, pipes, 


units for industrial and pro- etc. Write for complete data 
cess control. Write for bul- : sheets. 


letin F-1912 “Power Units’’. 


BARBER-COLMAN COMPANY . BARBER-COLMAN COMPANY 


1202 ROCK STREET @ ROCKFORD, ILL. 1202 ROCK STREET @ ROCKFORD, ILL. 


RING YOUR OPTICAL PROBLEMS TO HEAD- 

VARTERS. Bausch & Lomb offers: 1. America’s 

gest precision optical facilities. 2. Ninety years of 

ft engineering. 3. An Optical Scientific Bureau. 
tical] glass plant. 





_ The second 
Army-Navy “E” 
Award citation for 
igh achievement in 
war production, contin 
uing a long record of war 
service, is a source of justi- 
e pride t the manag 
my nt and personnel of The 
How to Predict the Winners in (rnold Engineering Company 


Tomorrow’s Production Race 
hy 


ais is a metallographer. He is using Bausch & he star \ ill Serve : a eee 
mb Metallographie Equipment, a microscope and TI ‘ ; 
wtomierographls apgibratus dhaened eateciaily for e to The Arnold Engineering 
née study of the fine structure of metals under high . | 
agnification. Before him each day pass the enlarged, Company to continue with the same 
dophetic pictures of tomorrow's industrial miracles— 
tded photographically, if need be, for later use. 
~y is le earning secrets of metals and alloys that ' 
ll build the machines and the products that will tert Tiiamalae sitiuacee ne war effort. 
tomorrow's production winners, as today they are epi nee . , 
; ding America’s victory. 
lis B&L “Metallographic Equipment is a modern 
velopment of that originally designed and built by 
ausch & Lomb in 1900 for a famous technical school 
he first equipment of this type in America. 
one of the many precision optical tools 
Bausch & Lomb in the interests of scien- 
justrial research and control. 


BAUSCH & L MB THE ARNOLD ca Company 





PPTICAL CO., ROCHESTER, N. Y. 


DNTARIO STREE on naee Gene 


Specialists in the Manufacture of ALNICO PERMANENT MAGNETS 
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flats carry marked accura _ 
showing variance in absolut: 5 — 
are available in one-mill ie 
grade for gage block ins;< 
two-millionths accuracy gra 





instruments and fine tools ; : ENS 
Machines, Inc., 1801 Wash Aine 
South, Minneapolis 4, Minn sa E 





Refractometer Wii )\ou; | 


Amici Prisms 

“New Model Spencer Ref 
an Abbe type instrument but 
compensating prisms, It is 
monochromatic light and pr 

















The Permometal* tip of all PER- 
MOPIVOTS* is your guarantee 
of longer life and greater accuracy 

for precision instruments. PERMO- 

PIVOTS retain their satin smoothness 
and low coefficient of friction many times 

longer than ordinary pivots. They cannot 

corrode...require no oil...are non-magnetic. 


WRITE TODAY FOR COMPLETE INFORMATION 








tremely sharp dividing line whi 
accurate setting of the arm. T 
are available. One has scale g1 
refractive index from 1.3 to 1.7 
bered so that it can be read 
side. Second, covering same r: 
combination scale which reads 
percent of sugar in solution as | 
fractive index. Third has special 









seale covering range of 1.45 to 1, Scal 
read percent of sugar or refra 

directly when a sodium vapor lamp is usé 
with refractometer (special! correcti( 
charts supplied on request for use with 


mercury vapor lamp or hydrogen discharg 
tube as.light source). Little material 
needed to obtain reading and results 4 
obtained immediately.—Spencer Lens ( 
19 Doat St., Buffalo 11, N. Y. 





PERMO, Incorporated 


6423 RAVENSWOOD AVENUE «+¢ CHICAGO 26, ILLINOIS 


Onsteument DIALS AND SCALES — 


ETCHED OR LITHOGRAPHED IN ALL FINISHES 


psunés BEST QUALITY NAMEPLATES - PANELS ccd 


PROMPT PERFORMANCE. NUNN WSS 
PREMIER METAL ETCHING COMPANY 


Vil 21-03 44TH AVENUE LONG ISLAND CITY, N. “. 
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% ‘ki eysiLE STRENGTH 


! ES ERS 


WV i out for 


pAPER 
CORDAC 
RUBBER 
LEATHER 
WIRE 
AT MATERIALS 



















pAPER FOLDING ENDURANCE TESTER 
BURSTING TESTER 
MICROMETERS (POCKET and DESK) 
PAPER BASIS WEIGHT SCALES 
CORDAGE SCALES 
ALUMINUM FOIL SCALES 
COMPUTING SCALES 
RUBBER ABRASION TESTER 


DEAD WEIGHT 
PRESSURE GAUGE TESTER 


TACHOMETERS 
INDICATING and RECORDING 


MERCURY COLUMN GAUGES 


AMTHOR 


TESTING INSTRUMENT CO, INC. 
48 Van Sinderen Ave., Brooklyn, N. Y. 





















TEST MAGNETIC 
PROPERTIES OF 
YOUR STEELS 


fra 
r la 
al 
or 
gen discharg 
e material 
id results 4 
rer Lens 0 





THE ONLY SINGLE BUTTON 


" ELECTRICAL RETURN FLUXMETER 
SIMPLEST AND MOST EFFICIENT 
} Bulletin 504 
THREE DIFFERENT STYLES 
ES | Portable Standard with single 
electrical zero return. 


Two Button Pointer Shift in 
: t place of our patented standard 
ete. 


zero return at a lesser cost. 
E @ Acknowledged leaders in 
~ development of bigh sensitivity meters 
IV RAWSON ELECTRICAL 
: INSTRUMENT COMPANY 


— 110 PeYTER ST. CAMBRIDGE, MASS. 
e (6 Representatives: New York, Chicago 

















MODEL 79-B 
SPECIFICATIONS: 
FREQUENCY: continuously variable 60 to 100,000 cycles. 
PULSE WIDTH: continuously variable 0.5 to 40 microseconds. 
OUTPUT VOLTAGE: Approximately 150 volts positive. 
OUTPUT IMPEDANCE: 6Y6G cathode follower with 1000 ohm load. 
R. F. MODULATOR: Built-in carrier modulator applies pulse modulation to any 
r.f. carrier below 100 mc. 
MISCELLANEOUS: Displaced sync output, individually calibrated frequency and 
| pulse width dials, 117 volt, 40-60 cycles operation, size 14’’x10”x10”, 
i wt. 31 Ibs. 
Price: $295.00 F.0.B. BOONTON Delivery on priority fe 






































MEASUREMENTS CORPORATION 


BOONTON + NEW JERSEY 





GET DELIVERIES IN THREE WEEKS! 









614L-AH 
S. . Cand. 
Bay. 


De . pvineen has long been distinguished as the “world’s 
largest exclusive manufacturer of pilot light assemblies” ! 
Extensive, high speed facilities permit us to produce in huge 
volume. That’s why you can now expect delivery of custom 
built Assemblies (if no special blanking dies are required) 
in any quantities within 3 weeks! And each Drake unit will 
measure up to the most exacting specifications for precision 
workmanship, uniform fine quality and dependable perform- 

ance. Get the benefit of Drake patented 

features and speedy Drake service. Our 


AE: latest catalog describes several new 
8 units. Have you written for it? 
A 
é 


PILOT LIGHT ASSEMBLIES 


MANUFACTURING CO. 


1712 WEST HUBBARD ST., CHICAGO 22. US & 
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, FUTURE! 


ARE ALSO - THE 





4 


The demands of our Armed Forces 
still hold top priority on Univis pro- 
duction schedules for precision in- 
strument lenses and prisms. But we 
have 
needs 


raised our sights above the 


them 
clearly on the industrial needs of the 
future. 


of war to focus more 


In the coming battle for markets 
that will mark the resumption of 
peacetime production, quality control 
in the manufacture of products will 
play a major role. And precision in- 
struments involving lenses and prisms 
are vital to such quality control. 

We shall welcome the opportunity 
to discuss with you and to assist in 
the development of your post-war 
products which require the use of 
precision lenses and prisms. 


Nil 


A HABIT WITH 





INSTRUMENT LENS DIVISION 
THE UNIVIS LENS COMPANY 
DAYTON 1, OHIO 


COPR. 1944 
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L-118 Solderless Wiring Devices. Cata- 
llog SD-1, 8%” x 10%”, 72 pages. Wire 
| terminals, and related tools for installa- 
| tion, which eliminate necessity of solder 
connections. Complete specifications for 
| standard, flag type and insulation sup- 
port wire terminals. All types fully illus- 
| trated by drawings and photographs for 
send and interpretation of data. 
Similar information included for cable 
| lugs, bonding jumpers and bonding tabs. 
| Numerous pages are devoted to useful 
reference data such as stud size selector 
| chart, stud hole standards, etc. Aircraft- 
| Marine Products Inc., 1523 N. Fourth St., 
Harrisburg, Pa. 


L-119 Granite Surface Plates. Folder, 
81%” & 11”, 4 pages. Precision surface 
plates for accurate measurements, Plates 
18” * 24” can be finished to an accuracy 
of 0.00005”; and plates as large as 4’ x 6’ 


easy 


have been held to a tolerance of 0.0003” 
overall. Standard stock plates described 
are held to a tolerance of 0.0001” over- 


all. Contents point out that these plates 
are non-warping, durable, non-abrasive, 
non-magnetic, temperature- resistant, 
rust-proof and corrosion-proof. Plates 





|} included. 
| Bldg., 


| 
i 
| 





| available 





are illustrated by photographs. Price list 
Herman Stone Co., 324 Harries 


Dayton 2, Ohio. 


L-120 
x 11%”, 6 


trical 


Thermal Controls, Catalog, 944” 
pages. Thermostats for elec- 
control of temperature. Dimen- 
sional drawings and specifications of 
each type given. Specifications, (in- 
cluding ratings, construction, maximum 
operating temperatures, adjustments, 
ete.), are listed in appropriate tables for 
quick selection. Assembled units are 
with various ratings from 50 
2000 watts at 115-230-volt a. c, de- 
upon particular type chosen. 
Units for “built-in’’ purposes are 
available with ratings normally of 1500 
watts at 115v-230-v. a.c. Nearly all units 
can be supplied with a maximum tem- 
perature range of 300°, 450°, or 700°F. 
George Ulanet Co., 88 East Kinney Street, 
Newark, N. J. 


L-121 
GEG-3750 to 
1 page each 
of parts used 


are 


to 
pending 


le 
aiso 


New Parts Publication. Leaflets 
GEG-3758 incl., 8%” x 11”, 
Data for easy identification 
in DW-51 d.c. voltmeters 
(1 to 300-volt max. and 500 to 750-volt 
self-contained); DW-51 ammeters, 
milliammeters, and microammeters; DW- 
52 r-f. ammeters and milliammeters 
(self-contained and external ’couple 
type); DW-53 d-c. voltmeters (30 to 150 
volts): DW-53 d-c. volt-ammeters; and, 
DW-53 d-c. ammeters and milliammeters. 
Each leaflet has a photograph showing 
an “exploded” instrument — with parts, 
numbered and identified, in. their normal 
relationship to one another when assem- 


d-c. 


bled. General Electric Co., News Bureau, 
Schenectady, N. Y. 

L-122 General Radio Experimenter. 
February issue, 6” x 9”, 8 pages. Fea- 


tures an article on speed control of re- 
pulsion and series motors, induction mo- 
tors, split-phase motors, repulsion-start 
induction motors, and capacitor and ca- 
pacitor-start motors by means of the 
Variac. Also contains Part II of “Con- 


| In this department we report new literature pertaining to Instrumentation, rec: 
| manufacturers. To assist in the War Effort we urge readers to request ONLY 
which will be of value to them. Use the coupon on the facing page. 
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tinuous Interpolation Meth ens a 

Radio Company, 30 State ; Cane a. 

bridge 39, Mass. _ oe 
L-123 Motor Valves. B Pry 

8144” & 11”, 8 pages. Mot feu ' 

regulation of gas or liquid a 

from a controlled system. A pilot nstry 

ment, responding to pressurs Pee | 

the system, supplies a varial egsyp 

to the motor valve for cont i opera 

tion. Descriptions and specifi na, sup 

plemented by drawings and ] 2 ock § 

explain the application and Ires tré 

the various types of unit ri] roduct 

Wilgus Mfg. Co., 1722 East 1¢f St.. Li L-130 


Angeles, Cal. 








L-124 Pressure Relief Valves. Ry)loct rious 
814” x 11”, 1 page. Designed to meet air i 
craft requirements, these val an b a 
easily adjusted with ordinar ers gee 


wrench without being remove 

line. Additional features are vy eX 
plained in the text which is tr 
by a cross-sectional view Vpica 
unit. Rogers Products Inc., 37 Hudsor mn 


Blvd., Jersey City, N. J. ral 





or 


L-125 Double Flaring Tool for Plasti@i J 
Tubing. Bulletin Form 388, § < 11" 1-1 
1 page. A tool for making i 

type flares on %”, 16”, 54”, ar O. Dieces 
plastic tubing, with .062” wal l 
metal box, consis 








kit, contained in a 

of a steel flaring bar, a f 

voke with swivel cone, and f 

Can be easily carried around and use 
“on the job”. The tool and essor 
are fully illustrated by pl 


Imperial Brass Mfg. Co., 
rison Street, Chicago, III. 


L-126 Radius Charts, Protractor Charts 
Projector Scales, & Projector Rules, } 
letin 1-44ER, 8%” k 11%, 20 p ] 
use with optical comparators 
uring and micro projectors. Most 
these charts have an O. D. of 
are composed of fine black 
easily read numerals on a fins I 
surface of selected plate glas i 8 
scales are available for use at ferentmg 40 
magnifications such as 10X, 20 1.25X L-1 
ete. There are numerous p raphsi Fo) 
illustrating the many 
available. Projector rules and s S, a direc 
cessories to increzse the usef ess off Ty 
these charts and the projectors e alsommd 
included in publication Uni- illus 
versal Engraving and Colorp! /om- 
pany, Ine. Engineer's Specialt Re 
588 Monroe St., Buffalo 11, N. ¥ 


1200 West Har 









charts 


this 


L-127 Synthetic Optical Crysta!s 
let, 8%” x 11”, 16 pages. C 
production of synthetic crysta 
from molten salts of lithiun 
sodium chloride, and potassium 

The infrared range up to 25 mi 

be effectively covered by thes 

it is stated. Characteristics of 
erystal given in detail in 

and several pages are devoted 
planation of their application 

red spectroscopy. Numerous phot I 
illustrate the text, and t 
the manufacturing process of a § ne 
crystal. Harshaw Chemical Co., 1! has 
97th Street, Cleveland 6, Ohio. 


are 


show 








.ft Fire Detectors, Cir- 
eu” 5 , 8 pages. Two types of 
cally designed for air- 
» The continuous type 
le in lengths up to 7.5 
a copper wire suitably 
insulated from, a copper- 
tubeshell. The tin-alloy 
point of 350°F, and a fire 
alloy to melt thus mak- 
‘ontact between the in- 
vire and the external cop- 
is contact causes a warn- 
the cockpit to warn the 















pal cop! 
plating 













rece » signal 
i from 4 b thet ergency action must be 
on. The t type detector consists of 
special! signed thermoswitch and 
‘yeod where the continuous type of 
th ecto! feasible. Complete speci- 
age “7eneraill tions descriptions, with applica- 
Can , draw photographs, and wiring 
orams included in this publica- 
Bi 1 +69 in, Fenv Inc., Ashland, Mass. 
Otor Ves ¢ 1-129 Capacitors. Folder, 8%” xX 11”, 
juid Y to oll pages ‘ifications for hermetically 
Ay} ~~ oil impregnated—oil filled A-N 
sure ne bathtub condensers; oil filled—oil 
riak pregnated capacitors; and, mica con- 
ntr L core nerous types are available 
tific » immediate shipment from a limited 
id | ock SUP] Photographs are used to il- 
nd f strate each of the above types. Sprague 
nits oducts Co., North Adams, Mass. 
t 16th St, Lofy.130 Allied News, Bulletin (March 
sue), 814” X 11%, 4 pages. Contains 
alves, Byljor,qmerious articles and news items about 
rd ty + »;.f[quipment and developments in the elec- 
val es ¥ onic field. Allied Radio Corp., 833 West 
ar aes “Mackson Blvd., Chicago, Ill. 
Ove r L-131 Aireraft Servo Control Systems. 
are oyfpolder, 814” X 11”, 4 pages. Design Check 
is istrat.gmnart #4 which includes specifications, 
of Seitall esign features, and illustrations of mo- 
v1lca “ : 
3711 Hudsoqmors specifically designed to control air- 
operations. Eclipse- Pioneer 


raft flight 

iv. Bendix 
ol for Plasti@in. J. 
B, 816” x 11" L-132 Apparatus for Preparing Metal- 
uirgical Specimens. Folder, 8144” X 11”, 2 
gas ages. Explains ‘3-step” technique for 
atl. Complet@iomparatively rapid preparation of met- 
] specimens with (1) specimen 
utter, (2) mounting press, and (3) auto- 
lisher. All three units are illus- 
Precision Scientific Co., 1736 N. 


Aviation Corp., Teterboro, 


and %”Op 
urgica 


atic p 


rated 


Pe essorieg@i&pringfield Ave., Chicago, Ill. 
) Ww. 3 Staal L-133 Cam Timers. Bulletin, 8144” x 11’, 
pages. For accurately controlling the 


of a series of 
timed ma- 


and duration 
more individually 


sequence 


actor CharteM™tiree or 


Rules, Bul hine or process operations. These units 
pages. Fommare of standard parts construction which 

nd meas-@™provides flexibility of design to meet 
s. Most offspecial requirements without difficulty. 
f 1 The operating principle is illustrated by 

] nd™drawines, and detailed features of design 
und#ere illustrated and explained. Automatic 
ss. Variouy™Temperature Control Co., Inc., 34 E. 
it different{/Logan St., Philadelphia, Pa. 


P ‘L2OX@ 1-134 Bleetrie Starters for Aircraft. 
/ TapnsM Folder, 816” X 11”, 4 pages. Design Check 


t Chart #5 for “Series 43” inertia and 
BCAICS, a ; direct cranking electric starters (AAF 
fulness off Types G-5, G-6, H-5 and H-6). Wiring 


is and photographs are used to 
the text. Eclipse-Pioneer Div., 
Bendix Aviation Corp., Teterboro, N. J. 


S, are alsoml diagram 
The Uni-Mfillustrate 


, L-135 Pressure Loaded Reducing Reg- 
ulators. Bulletin 514A, 8%” x 11”, 4 

‘als. B pages. For reducing gas pressures where 
mmercialf™ the service is severe and fluctuating. The 
wn Valve action of these regulators is actu- 
1¢ ated by air or gas pressure which may 

le be controlled remotely or at the regu- 

g late Text explains principle of opera- 

: tion 1 diagrammatic drawings, includ- 
ga ing iotographs, illustrate the proper 

text inste tion and operation of these units. 

x The standard units are designed for 
i maintaining regulated pressure from one 
t iphs to 1 lbs. per square inch, but other 
i i ranges are available. Specifications and 
sy thetic Price lists are included in this publica- 
945 East Uor Vatural Gas Equipment Inc., Petro- 
feum Securities Bldg., Los Angeles, Cal. 





GAERTNER 





MICROMETER SLIDES 


with 


MICROSCOPE or TELESCOPE 


for precision linear measurements 
up to 4’ reading to .000035” 







horizontal 
measurements 








(Fig. 1). 


focusing (Fig. 2). 


depth 


measurements 


Vertical orientation permits use as a small cathe- 
tometer for vertical linear measurements (Fig. 3). 
Interchangeability of microscope objectives and eye- 
pieces permits a wide selection of magnifications. 


These instruments are ideal for the variety of 
applications required in testing and inspection 
departments, laboratories and shops. 


Send for Catalog M-138 


The 


Dependability and precision are insured by ex- 
tremely accurate screws and fine craftsmanship, 


When used with the various types of support 
bases available they can be used as small com- 
parators for horizontal 


linear measurements 


The microscope mounted parallel to the slide 
permits depth measurements and micrometer 


micrometer 
focusing 






vertical 
measurements 


Fig. 3 


GAERTNER SCIENTIFIC CORP. 


1211 Wrightwood Avenue, Chicago 14, U.S.A. 











TO PREVENT WASTE AND AID THE 


WAR EFFORT 


(1) Request ONLY the literature that will aid you in your war work. 
(2) Paste the coupon on a government postal card addressed to instrumenta, 


taking care to make all four edges xtick. 


SSSCSSSSSSSSSSSSSSS ESSE SE SHHSHTSCASSEHSSESSSESHEE SSCAHTSHEKSEHESTESESESSS TESTS HSS SERSSETESSESSES SHORES eES 


Instruments, 1117 Wolfendale St., Pittsburgh 12, Pa. 


(July 1944) 


Please have the following catalogs, etc., reviewed in this issue sent to me. 


eee eee eee eee eee ee eee 


I also desire further information concerning the following new products described in 


this month’s “New Instruments” Department............ 


Pea ee eee ee ee ee ee ee | 


I also desire further information concerning the following products advertised in 


this issue (Write page number and name of company) 


Name 


COC COTE SEHR OHH SHES SESH HESS OHHH SEEDS E HESS HEHEHE ESE SS 
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This CLARE Relay 
Can Take the Place 


@This rugged multiple-contact relay 
permits innumerable contact arrange- 
ments. Permits designing to small 
size, with a lesser number of relays; 
and facilitates maintenance. Adapted 
for use in electronic control devices 
and for sequence control and inter- 
locking operations. Ideal where un- 
usual arrangements of relay control 
are desired. Here are the reasons why: 


1. Contact springs 
employing any of the 
forms illustrated can be 
furnished. 







































































2. Spring pile-up in- 
sulators of heat treated 
Bakelite which permit 
punching without 
cracks, have minimum 
cold flow and low 
moisture absorption 
content. Assembly 
rocaes panther under 
yarautc pressure. 3. Twelve different 
heb og s heavy = standard or special 
own tests. types and sizes of con- 
tacts can be furnished. 
Contacts are overall- 
welded to nickel silver 
springs. Sizes range 
from .062” silver, rated 
one ampere, 50 watts, 
o .1875” tungsten, 
rated four amperes, 509 
watts, 





4. Spring bushing in- 
sulators are Bakelite 
rod made by a patent 
Bova we Strong, hard 

jong wearing. Essential 
where heavy contact 
pressures are employed, 
where vibration cxists, 
or heavy duty service 
is x 


5. Armature assembly 

single or double arm. 

Has stainless steel shaft, 

soumine in a marine 
e. 


brass yoke. Heel piece, 
coil core and armature 
are magneticmetal care- 
fully annealed. De- 
signed for d.c. service. 


6. As illustrated, relay 
has octal base plug 
mounting for easy serv- 
ice and replacement. Other mountings, and 
Bakelite or metal coer, can yo supplied. 
a 

This relay is an auaele of Clare * “custom-built” 
design and construction. Clare engineers can 

“custom build” a relay to meet your specific re- 
fin abner Ty that will reduce your overall 
relay cost and si py your oo problem. Write 
for catalog and and Co., 
4719 West Sunnyside poy wae 





“CUSTOM-BUILT” Multiple Contact Relays 
for Electrical, Electronic and industrial Use 








HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 


past 36 years. 


In general use for 
specification pur- 
poses. Simple, of highest sensitivity 
sturdy. Compara- 
tively inexpensive. 


lilustrated 


















PHOTOCEiLS 


(Barrier-Layer Typ 


© Great variety of sizes and shapes 

© Unmounted or mounted in vari. 
ous styles of casings 

@ Full cooperation regarding ap. 
plication and circuits 


bulletins PHOTOVOLT CORP, 
free. 95 Madison Ave. New York City 
Write for literature also on 
Colori eter 
The Shore Instrument adiisaMaenie: Meno tccne 
Fluorescence Meters 
& Mig. Co., Inc. Electronic Photometers 
Street-Lighting Meters 
9025 Van Wyck Ave., Jamaica, N. Y. Continuous-Flow Colorimeters 
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